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ABSTRACT 

THE  TOTAL  TIME  HYPOTHESIS  IN  AN 
AGED  POPULATION 
by 

Judith  Lawson  Berryhill 

The  familiar  adverse  effect  of  fast  pacing  on  verbal  learning  perform- 
I ance  of  elderly  subjects  is  reassessed  in  terms  of  the  Total  Time  Hypothesis. 
Forty-five  male  Ss  (ages  60-85)  learned  three  lists  of  paired  associatesj  each 
list  being  presented  at  a different  rate,  with  total  time  for  learning  held  con- 
stant. In  a 3 X 3 factorial  design  list,  rate  of  presentation  and  order  of  list 
and  rate  were  counterbalanced.  With  total  time  held  constant,  there  was  no 
significant  effect  in  performance  of  rate  of  stimulus  presentation.  Had  trials 
been  held  constant  as  is  customary,  there  would  have  been  a trend  toward 
better  performance  at  the  slower  rate.  Time  as  a variable  in  assessing  per- 
formance of  older  subjects  was  discussed,  as  was  the  possibility  that  pacing 
is  effective  by  virtue  of  its  influence  on  task  difficulty  rather  than  in  its  own 
right. 
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THE  TOTAL  TIME  HYPOTHESIS  IN  AN 


AGED  POPULATION 


Chapter  I 


INTRODUCTION 


Research  on  learning  in  the  aged  has  generally  shown  a deficit  in  the 
performance  of  these  subjects  as  compared  with  young  adults.  This  comes 
as  no  great  surprise  to  anyone,  including  the  old  people  themselves.  Geron- 
tologists of  all  disciplines,  however,  are  concerned  to  discover  the  reasons 
Isehind  such  observed  declines;  to  formulate  laws  and  to  define  rigorously  the 
circumstances  under  which  such  laws  operate.  The  ultimate  aim  of  such 
work  is  to  ameliorate  the  problems  caused  by  the  decline  and  to  discover 
means  of  arresting  the  process. 

The  learning  deficit  of  the  older  person  may  simply  be  a part  of  a gen- 
eralized decline  in  functioning  after  maturity.  Why  this  decline  should  occur 
a.t  all  is  as  yet  an  unanswered  question;  it  appears  to  be  a part  of  the  life  cy- 
cle of  all  but  the  simplest  organisms.  According  to  Comfort  (1965),  the  hu- 
man body  is  at  its  most  vigorous  ?t  age  12,  insofar  as  it  is  at  this  age  that 
^eath  from  any  cause  is  least  likely  to  occur.  Other  aspects  of  the  human 
organism,  of  course,  reach  their  peaks  much  later.  Nevertheless,  after  the 
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decades  of  the  twenties  and  thirties,  most  humans  will,  at  best,  maintain 
their  levels  of  performance  in  virtually  any  area  in  question  for  a while,  and 
then  experience  gradual  decline.  Advances  in  medicine  and  hygiene  over  the 
last  century  or  so  have  increased  remarkably  the  number  of  individuals  who 
live  out  their  "allotted  spans,  " but  have  not  appreciably  altered  the  extent  of 
that  span.  The  processes  by  which  people  age  are  little  understood,  although 
some  progress  is  being  made  in  specific  areas  (for  instance,  research  on 
collagen).  The  reason(s)  people  must  age  may  prove  to  be  as  fundamental 
and  mysterious  as,  for  example,  the  question  as  to  what  differentiates  living 
from  nonliving  matter. 

Recent  investigators  have  approached  the  question  of  decline  in  the 
facility  of  learning  itself  from  a number  of  different  viewpoints.  These  in- 
clude: 

1.  Examining  the  physiological  underlay  of  the  learning  deficit  (Bot- 
winick  & Kornetsky,  I960;  Powell,  Eisdorfer  &;  Bogdonoff,  1964;  Reitan, 

1967;  Shmavonian  &;  Busse,  1963;  Shmavonian,  Yarmat  &;  Cohen,  1965). 

Z.  Determining  where  in  the  input -mediation-output  sequence  the  deficit 
originates  (Boyarsky,  1968;  Eisdorfer,  1967;  Szafran,  1965;  Welford,  1958). 

3.  Defining  the  situations  and  the  types  of  tasks  which  contribute  to  a 
greater  or  lesser  deficit  (e.g.,  by  manipulating  task  difficulty  [Eisdorfer, 
1968;  Kay,  1955;  Szafran,  1953];  by  manipulating  anxiety  level  [Eisdorfer, 
1963];  by  the  use  of  familiar  and  unfamiliar  tasks  [Demming  & Pressey, 
1967]). 
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4.  Studying  the  uses  and  effectiveness  of  various  learning  strategies 
(Belbin,  1958;  Canestrari,  1964;  Eisdorfer,  1968;  Korchin  & Basowitz, 

1956).  Other  approaches  include  those  which  emphasize  social  factors,  es- 
pecially with  regard  to  society's  effect  on  the  older  person's  expectations  for 
and  of  himself;  and  those  which  emphasize  past  experience,  habitual  respon- 
ses, etc.  The  study  to  be  described  is  concerned  with  variables  within  the 
learning  situation  which  affect  the  subject's  performance  and,  specifically, 
with  pacing. 


Chapter  II 

REVIEW  OF  THE  LITERATURE 

Three  raajor  factors  could  conceivably  be  involved  in  the  observed  de- 
cline in  efficiency  of  learning  in  older  people.  The  first  of  these  is  accumu- 
lated alteration  at  the  cellular  level,  especially  in  the  CNS,  ANS  and  the  cir- 
culatory systemc  The  second  is  the  less  malleable  quality  of  the  older  per- 
son, which  is  presumed  to  result  from  the  accumulation  of  habits  and  habi-  j 

i 

tual  responses  over  the  years,  which  may  interfere  with  new  learning.  Final-| 
ly,  there  is  the  influence  of  society  which,  in  an  era  of  rapid  change,  places 
stresses  on  the  aged  both  in  its  generally  somewhat  derogatory  attitude  to- 
ward them  and  its  demands  that  they  change  to  suit  their  defined  roles  as 
"old  people"  in  a culture  which  glorifies  youth. 
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Slowing  of  Response 
Physiology  and  Psychophysiology 

Perhaps  the  single  most  ubiquitous  finding  in  the  literature  on  aging  is 
that  of  slowing  of  responsOo  There  is  a fairly  large  body  of  evidence  on 
learning  which  shows  the  negative  effects  of  fast  pacing  for  aged  subjects. 
Even  in  the  area  of  autonomic  conditioning,  old  subjects  seem,  in  general, 
to  condition  more  slowly  and  to  give  responses  of  lesser  magnitude  than  do 
young  subjects.  Botwinick  and  Kornetsky  (I960),  using  a 450  cps  tone  as  CS 
and  mild  shock  as  UCS,  found  that  their  older  subjects  conditioned  less 
readily  and  extinguished  more  readily  than  their  younger  group.  Silverman, 
Cohen  and  Shmavonian  (1959)  measured  GSR  nonspecifics  with  tones  and 
spoken  phrases  as  stimuli.  With  tones,  old  subjects  produced  statistically 
significantly  fewer  nonspecifics.  With  spoken  phrases,  the  number  of  non- 
specifics was  still  smaller  for  old  subjects,  but  the  difference  was  no  longer 
statistically  significant.  Shmavonian  and  Busse  (1963),  in  interpreting  the 
above  results,  considered  the  old  subjects  to  be  generally  less  responsive 
than  the  young  but  suggested  that  the  meaningfulness  of  the  stimuli  (the 
spoken  phrases  being  more  meaningful  than  the  tones)  was  an  important  vari- 
able. Shmavonian,  Yarmat  and  Cohen  (1965)  conducted  an  extensive  psycho- 
physiological  study  wherein  they  measured  plethy smographic,  CSR  and  EEC 
responses,  as  well  as  urinary  secretion  of  adrenaline  and  noradrenaline. 
They  used  tones  as  CS  and  strong  shock  as  UCS.  Their  findings  with  regard 
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to  vasoconstriction  and  GSR  were  in  agreement  with  previous  findings  - -that 
is,  conditioning  was  slower  and  responses  smaller.  They  also  found,  how- 
ever, that  their  old  subjects  produced  greater  EEG  activity  in  the  form  of 
fast  (beta)  waves,  and  that  the  old  excreted  more  urinary  adrenaline  both  be- 
fore and  after  the  experiment  than  did  young  subjects.  These  latter  two 
findings,  although  the  EEG  responses  were  interpreted  as  inhibitory  (op- 
posed to  excitation  or  arousal),  call  into  question  the  widely  held  opinion 
that  the  old  are,  overall,  less  aroused  than  the  young.  Powell,  Eisdorfer 
and  Bogdonoff  (1964),  in  a serial  learning  study,  also  found  evidence  suggest- 
ing increased  arousal  in  the  old  in  their  measurements  of  free  fatty  acid 
levels  in  the  bloodstreami 

The  above-mentioned  studies  differ  widely  in  measures  taken,  tasks  to 
be  performed  by  the  subjects,  stimuli,  meaningfulness  of  stimuli  and,  of 
course,  the  subjects  themselves.  In  summary,  however,  they  suggest  that  | 
it  is  an  oversimplification  to  think  of  old  subjects  as  simply  "less  aroused" 
or  "less  responsive"  than  younger  ones,  although  they,  in  certain  ways  and 
according  to  certain  measures,  surely  are.  The  EEG  and  adrenaline  data  of 
Shmavonian,  Yarmat  and  Cohen  (1965)  and  the  FFA  data  of  Powell,  Eisdorfer 
and  Bogdonoff  (1964)  reveal  that  the  old  subjects  not  only  give  larger  re- 
sponses, but  that  these  responses  continue  longer  in  time  than  comparable 
responses  in  the  young  groups.  Wliatever  the  nature  of  the  "arousal"  of 
which  these  data  are  evidence,  it  does  not  seem  to  be  the  efficient  arousal  of 
a fully  healthy  organism  which  leads  to  parsimonious  perf ormc.nce  of  a task. 
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Shmavonian  et  al.  say,  "Apparently  the  aged  organism  reacts  to  a novel  and 
possibly  stressful  situation  with  total  mobilization  of  its  biochemical  de- 
fenses by  'giving  it  all  it's  got,  ' whereas  the  young  males  react  more  econo- 
mically, i.  e.  by  responding  to  the  immediate  situation  rather  than  main- 
tained vigil  (1965,  p.  173).  " Powell  et  al.  (1964)  interpret  their  FFA  data 
as  indicating  anxiety  on  the  part  of  the  old  subjects.  But  here  again  the  ex- 
perimental situation  was  more  difficult  and  therefore  presumably  more 
stressful  for  the  elderly. 

Slowing  of  response  is  found  in  still  simpler  situations.  Surwillo 
(1968)  attempted  to  trace  the  slowing  of  overt  responses  and  found  that  even 
speed  of  transmission  in  the  peripheral  nerves  shows  a decline  with  age  from 
a maximum  of  about  58  or  59  meters/ second  (at  about  age  10)  to  about  48-51  j 
meters/ second,  the  decline  beginning  about  age  50.  Surwillo  refers  to  work 
of  Waynes  and  Emmers  and  of  Birren  showing  synaptic  delay  in  rats  which 
increases  "progressively  and  significantly"  vAth  age,  and  similar  delays  in 
neuromuscular  Ic-tency  with  voluntary  actions.  Motor  time,  or  delay  be- 
tween EMG  response  and  mechanical  response,  does  not  seem  to  account  for 
the  slowing  in  aging.  The  declines  in  peripheral  nerve  transmission  speed 
and  synaptic  delay  can  account  for  only  4%  and  2%  of  delay  in  voluntary  ac- 
tions, suggesting  that  one  look  elsewhere  for  the  major  causal  factors  in 
slowing.  The  slowing  of  the  alph?  rhythm  on  the  EEG  was  first  noticed  by 
Berger  in  1933  and  was  then  considered  to  be  associated  with  pathology 
(senile  dementia).  Davis,  in  194/,  suggested  that  the  alpha  slowing  was  an 
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age-related  change.  The  "normal"  frequency  of  alpha  is  8-13  cps.  In  young 
adults,  alpha  mean  is  10.  2-10.  5.  In  old  persons,  alphas  of  7 cps  and  even 
slower  are  not  infrequently  found.  Obrist  (in  Surwillo,  1968)  found  a mean 
alpha  of  9.  1 cps  in  subjects  in  a rest  home  who  were  in  their  60's  and  70's 
and  of  8.  6 cps  in  subjects  over  80.  EEC's  in  a reaction  time  experiment 
produced  a correlation  of  . 60  between  alpha  period  (the  reciprocal  of  fre- 
quency) and  age.  Surwillo' s own  studies  found  a "statistically  significant 
rank-order  correlation  of  . 81  between  RT  and  alpha  period  in  a group  of 
subjects  between  18  and  72.  " This  led  him  to  hypothesize  that  the  "period  of 
the  alpha  rhythm,  or  some  multiple  of  the  alpha  cycle,  serves  as  the  master 
timing  mechanism  in  behavior.  " 

Slowing  with  age  has  been  found  in  both  simple  (Botwinick  & Thompson, 
1967)  and  choice  (Talland,  1968)  reaction  times.  Talland  (1965)  stated  that 
the  delay  is  primarily  as sociated  with  the  initiation  of  response.  This, 
among  other  things,  sixggests  a fundamental  cause  which  is  more  likely  to  be 
central  than  peripheral. 

Learning  Studies 

In  more  complex  situations  than  simple  autonomic  conditioning  and  re- 
action time  experiments,  slowing  in  the  aged  is  also  apparent.  Here,  wheth- 
er the  immediate  question  concerns  such  practical  matters  as  <he  retraining 
of  old  workers  (see  Welford,  1958,  for  reports  of  numerous  stxidies)  for 
changes  in  the  requirements  of  their  jobs,  or  the  theoretical  inferences 
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drawn  from  laboratory  studies  of  classical  learning  paradigms,  older  per- 
sons seem  to  be  at  a disadvantage  compared  with  younger  ones;  the  more  so, 
the  more  stringent  and  obvious  are  the  limitations  of  time.  Fast  pacing 
seems  to  place  greater  demands  on  the  old. 

Canestrari  (1963),  in  a paired  associates  study,  reported  loss  of  speed 
with  age.  He  compared  young  and  old  subjects  under  both  paced  and  self- 
paced  conditions  and  found  that,  while  the  older  subjects  were  inferior  in 
performance  under  both  conditions,  the  paced  condition  produced  a greater 
difference.  Arenberg  (1965,  1967)  also  used  a paired  associates  paradigm 
with  two  pacing  speeds  and  found  that  old  subjects  responded  both  more  often 
and  more  accurately  when  the  longer  interval  was  used.  Hulicka  et  al. 
(1967),  again  using  paired  associate  and  both  paced  and  self-paced  intervals, 
found  that  the  performances  of  old  (as  well  as  young)  subjects  improved  with 
unlimited  time  (self -pacing)  for  both  association  and  response  intervals. 
Eisdorfer,  Axelrod  and  Wilkie  (1963)  used  a serial  learning  paradigm  and 
compared  old  and  young  subjects  over  a series  of  rates.  As  exposure  time 
increased  from  4 sec.  to  10  sec.  (with  1 sec,  off  between  stimuli),  the  dif- 
ferences in  performance  between  the  old  and  young  groups  decreased.  Eis- 
dorfer (1965)  later  did  a study  to  determine  whether  the  extra  time  needed  by 
old  subjects  was  required  for  viewing  the  stimulus.  There  were  four  condi- 
tions in  this  experiment;  the  first  compared  performance  whe.’e  the  stimu- 
lus was  on  for  4 sec.  and  off  for  7 sec.  , with  a 4 sec.  on,  1 sec.  off  condi- 
tion and  found  the  former  to  produce  more  correct  responses.  The  other 
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two  conditions  involved  a comparison  between  4 sec,  on,  7 sec.  off  and  10 
sec.  on,  1 sec.  off.  Since  old  subjects  had  improved  their  performance  up 
to  the  10-sec.  stimulus  exposure  (but  not  farther)  in  earlier  studies,  the  lat-  | 
ter  situation  might  be  expected  to  present  them  with  optimum  conditions. 
However,  there  was  no  significant  difference  between  4 sec.  on,  7 sec.  off 
and  10  sec.  on,  1 sec.  off.  Eisdorfer  interpreted  these  results  as  indicating 
that  viewing  time  per  se  was  not  the  crucial  variable  and  that  the  "learning" 
deficit  found  in  old  subjects  might  well  be,  rather,  a performance  deficit. 

This  hypothesis  of  Eisdorfer  has  been  shared  by  other  leading  investi- 
gators in  this  area,  e.  g.  , Arenberg,  Canestrari.  One  major  and  recurrent 
finding  in  the  experimental  literature  which  leads  toward  this  view  is  the  pre- 
ponderance of  omhssion  over  commission  errors  in  learning  studies  in  the  i 
aged.  Increased  ratios  of  omission  to  commission  errors  with  age  have  been  ! 
reported  by  Korchin  and  Basowitz  (1957),  Canestrari  (1963),  Arenberg  ( 1965) , 
Eisdorfer  et  al.  (1963)  and  Eisdorfer  (1965).  Arenberg  (1965)  is  quoted  by 
Botwinick  (1967):  "Poor  performance  of  the  old  group  during  fast  pacing 

could  not  'be  attributed  to  insufficient  time  to  emit  a correctly  learned  re- 
sponse. ' " Eisdorfer 's  series  of  studies  includes  a similar  point.  In  one 
study,  the  experimental  apparatus  made  possible  the  recording  of  the  exact 
time  at  which  the  subject  responded.  "Wlien  pacing  was  moderate,  it  was 
founri  that  the  old  subjects  often  responded  within  the  time  allowed  at  a faster 
pace,  although  they  failed  to  do  so  at  the  faster  rate.  It  seemed  that  the  felt 
pressure  of  fast  pacing  might  be  of  more  importance  than  the  absolute  time 
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available.  In  any  event,  in  the  Eisdorfer  studies  the  major  effect  of  making 
the  task  easier- -by  whatever  means --was  to  cut  down  on  the  errors  of  omis- 
sion. Eisdorfer's  (1968)  summary  of  his  experimental  work  on  aging  and 
learning  concluded  with  a hypothesis  which  implicated  anxiety  in  the  learning 
situation  as  an  important  factor  leading  both  to  increased  arousal  and  de- 
creased responsiveness  in  these  subjects.  Botwinick  (1967)  reviewed  a num- 
ber of  learning -aging  studies.  He  pointed  out  that  while  many  of  them,  as 
reported  above,  do  suggest  a performance  deficit,  no  study  has  yet  ruled  out 
a learning  deficit.  It  seems  probable  that  both  exist  and  that  they  interact  in 
varying  degrees  according  to  the  specific  demands  of  a given  experiment. 

Welford  (1957)  approached  the  problem  in  a somewhat  different  wa,y 

I 

and  suggested  that  the  major  defect  in  learning  facility  in  the  aged  is  prob- 
ably involved  with  short-term  memory.  Welford  offered  a listing  of  seven 
stages  which  he  felt  must  be  involved  before  learning,  and  the  evidence  that 
it  has  occurred,  are  established.  These  are; 

1.  The  material  must  be  perceived  and  comprehended  and  responding 
actions  selected  or  built. 

2.  The  material  must  be  held  in  short-term  retention. 

3.  A durable  trace  must  be  established  which  is  capable  of  remaining 
relatively  unimpaired  by  subsequent  activities  of  the  organism  and  of  stand- 
ing up  to  gross  depressions  of  neural  activity,  such  as  anaesthetics,  drop  in 
temperature,  etc. 

4.  The  structural  or  biochemical  changes  must  endure  until  time  of 
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recall. 

5o  There  must  be  recognition  of  a further  situation  demanding  re-use 
of  the  material. 

6.  The  needed  material  must  be  recovered  from  among  other  material 
in  storage. 

7.  The  recalled  material  must  be  used  in  the  new  situation  in  such  a 
way  as  to  produce  an  overt,  communicable  response. 

Welford  suggested  that  age  differences  show  up  especially  where  the 
task  requires  alternation  between  taking  in  information  for  retention  and 
making  responses.  He  felt  that  the  difficulty  is  in  registration  (which  seems 
to  involve  stages  1,  2 and  3 above)  and  that  old  people  are  put  at  a disadvan- 
tage if  the  pace  is  too  fast,  if  the  signal  is  too  weak,  or  if  the  absolute 
amount  to  be  learned  is  greater  than  they  can  deal  with.  Experiments  by 
Kay  (1951),  von  Wright  (1957)  and  Belbin  (1953)  suggest  that  the  old  simply 
cannot  learn  as  much  at  any  one  time  as  the  young. 

Craik  (in  Talland,  1968)  suggested  that  vhe  old  are  at  a greater  dis- 
advantage in  dealing  with  material  which  is  highly  amenable  to  chunking -- 
the  old  do  not  "chunk"  as  well  as  the  young.  This,  of  course,  is  quite  com- 
patible with  the  notion  that  the  old  cannot  learn  as  much  at  once- -chunking 
yields  a smaller  number  of  items  to  be  dealt  with.  Craik  mentioned  dichotic 
listening  studies  of  Inglis  in  which  STM  is  also  implicated  which  suggest 
faster  trace  decay  and  greater  liability  to  interference  even  though  the 
material  is  initially  "as  firmly  registered  in  STM  for  old  as  young  Ss.  " 
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Taliand  (1968)  pointed  out  that  the  ability  to  transmit  information  de- 
clines from  age  20  to  age  70  and  stated  that  the  span  of  immediate  recall  is 
most  likely  to  show  a deficit  if  fast  pacing  and  "demanding  operations  of  dis- 
crimination and  choice"  are  involved.  Taliand  felt  that  "the  limits  of  the 
STR  span  change  with  age  less  than  does  the  probability  of  performance  at 
the  limit  of  capacity.  " 

Cairestrari  (1965)  mentioned  two  concepts  involved  in  poor  learning  in 
the  aged:  loss  in  the  ability  to  register  new  information  and  interference 

from  pre-existing  habits,  both  notions  assuming  degenerative  changes  in  the 
CNS.  Camestrari  felt  that  the  reason  for  the  negative  effects  of  fast  pacing 
may  lie  in  momentary  lapses  of  attention  in  the  aged  subject.  In  studies  in- 
vestigating ihe  hypotheses  of  interference  from  old  habits  versus  erasure 
caused  by  fresh  stimulus  input,  Canestrari's  data  supported  the  latter. 

It  is  obvious  that,  while  the  learning  deficiencies  of  the  aged  are  well 
documented  and  largely  agreed  upon,  the  explanations  for  them  are  diverse, 
partial  and,  sometimes,  confusing.  What  does  seem  likely  is  that  the  older 
subject  is  more  susceptible  to  being  overwhelmed  by  the  task  set  before  him 
than  the  younger  person;  that  anything  which  makes  the  task  more  difficult- - 
in  an  absolute  sense --will  make  it  disproportionately  more  difficult  for  the 
old  subject;  and  that  the  pressure  of  fast  pacing  is  one  of  the  most  frequently 
found  and  extensively  investigated  of  those  variables  which  are  known  to  in- 
crease ta.sk  difficulty. 
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The  Total  Time  Hypothesis 

The  total  time  hypothesis,  which  has  become  prominent  in  the  learning 
literature  recently,  states  in  essence  that  a given  amount  of  material  can  be 
learned  in  a given  amount  of  time,  regardless  of  the  number  of  learning 
trials  into  which  the  material  is  divided.  This  hypothesis,  which  has  been 
substantiated  under  various  circumstances  (to  be  described  below),  would 
not  be  expected  to  hold  for  an  aged  population  if  time  itself,  in  the  form  of 
fast  pacing,  is  a major  deterrent  to  efficient  learning  (or  performance)  for 
these  subjects.  Therefore,  the  total  time  hypothesis  seems  to  provide  an 
effective  tool  for  assessing  the  effects  of  time  on  learning. 

The  total  time  hypothesis  has  not  been  applied  to  the  study  of  learning 
in  the  aged.  It  does  not  always  apply  even  with  the  young.  A review  article 
by  Cooper  and  Pantle  (1968)  summarizes  the  work  in  this  area.  There  are 
two  usual  methods  of  testing  TTHo.  In  the  first,  total  learning  time  is  held 
constant  and  different  groups  of  subjects  learn  at  different  rates;  the  number 
of  items  correct  is  then  compared  among  groups.  The  second  method  in- 
volves, again,  different  groups  of  subjects  learning  at  different  rates.  Here, 
however,  times  to  criterion  are  compared.  Within  these  paradigms,  under 
certain  conditions,  TTHo  holds.  Paired  associates  learning  has  provided 
the  best  TTHo  conditions  - -all  studies  reviewed  by  Cooper  and  Pantle  where 
paired  associates  learning  was  involved  and  where  stimulus  duration  was 
held  constant  and  stimulus-response  duration  was  manipulated  supported 
TTHo.  This  was  not  the  case  where  stimulus  duration  was  varied. 

Bugelski  (1962)  used  8 pairs  of  CVC's^  as  stimulus  and  response.  The 
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stimulus  was  always  presented  for  2 sec.  and  remained  visible  while  the  re- 
sponse syllable  was  presented  for  2,  4,  6,  8 or  15  additional  seconds.  A 2- 
sec.  inter-item-interval  always  elapsed  before  a new  syllable  appeared. 
There  were  five  groups  of  subjects  and  three  random  orders  of  the  S-R 
pairs  (to  avoid  serial  learning).  Subjects  learned  to  a criterion  of  two  suc- 
cessive correct  completions  of  the  list.  Bugelski  found  significant  differ- 
ences in  numbers  of  trials  to  criterion  but  no  difference  in  total  time  to  cri- 
terion. In  terms  of  trials,  the  2 sec.  -15  sec.  -2  sec.  (total  item  time  = 19 
sec.)  was  most  successful. 

Baumaster  and  Hawkins  (1966)  performed  a partial  replication  of 
Bugelski' s study,  with  some  additions  of  their  own.  Noting  the  effectiveness 
of  the  19 -sec.  total  item  time  (for  trials),  they  varied  both  S-R  duration  and 
inter -item-interval  to  produce  three  conditions  wherein  total  item  time  added 
to  19  sec.  They  included  two  other  conditions  where  total  item  times  were 
6 sec.  and  11  sec.  Stimulus  time,  as  in  the  Bugelski  study,  was  always  2 
sec.  Thus,  Baumaster  and  Hawkins  had  three  conditions  which  replicated 
three  of  Bugelski' s (in  terms  of  total  item  time)  and  two  others  which  yielded 
a total  item  time  of  19  sec.  Subjects  were  five  groups  of  college  under- 
graduates and  criterion  was,  again,  two  successive  correct  completions. 

Like  Bugelski,  they  found  differences  in  trials  to  criterion,  even  among  the 
three  conditions  where  total  item  time  was  19  sec.  Nevertheless,  they  felt 
that  total  item  time  was  more  crucial  than  the  number  of  S-R  presentations 
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in  itself.  (Baumaster  and  Hawkins,  like  Bugelski,  used  8 pairs  of  CVC's  as 
stimulus  and  response.  ) 

Nodine  (1963,  1965)  investigated  total  learning  time,  which  he  defined 
as  trials  to  criterion  X stimulus- -stimulus-response  exposure  time.  In  the 
1963  study,  he  used  16  pairs  of  CVC's  as  S-R  items  and  college  students  as 
subjects.  Stimulus  and  response  times  included  all  possible  combinations  of 
1/2  sec.  , 1 sec.  , 2 sec.  and  4 sec.  , yielding  16  conditions.  Each  group  of 
16  subjects  learned  at  ten  of  the  sixteen  possible  S-R  rate  combinations.  An 
S-sec.  inter -item-interval  was  used.  The  experiment  involved,  for  each 
group  of  subjects  at  each  rate,  four  5 -trial  acquisition  blocks,  each  block 
followed  by  a recall  test  trial.  All  the  test  trials  (where  only  the  stimulus 
item  was  presented)  used  a stimulus  duration  rime  of  4 sec.  Nodine  meas- 
ured the  frequency  of  correct  responses  during  the  recall  trials,  the  mean 
number  of  correct  responses  on  the  anticipation  trials  before  and  after  each 
recall  trial,  and  response  latency  during  recall  trials.  The  1965  study  in- 
volved a further  investigation  of  the  variables  in  the  PA  paradigm,  using  16 
groups  of  5 subjects  each,  under  conditions  similar  to  those  in  the  1963 
study,  but  with  a criterion  of  15  out  of  16  correct  responses  (there  being  16 
CVC  pairs)  as  the  primary  measure.  He  summarized  the  results  (and  infer- 
ences) from  both  studies  in  the  1965  paper: 

The  present  report  supplements  an  earlier  investigation  concerned  with 
the  role  of  exposure  duration  of  stimulus  and  response  members  on  the 
acquisition  of  a PA  list  using  the  anticipation  method.  Previously,  Ss 
were  given  a fixed  number  of  learning  trials,  and  exposure  'rlurations  of 
stimulus  members  alone  (stimulus  duration)  and  exposure  durations  of 
S and  R members  paired  (stimulus-response  duration)  were  ^ound 
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directly  related  to  rate  of  learning.  In  the  present  experiment,  the  ef- 
fects of  independent  variations  in  St,  St-R  durations  were  assessed,  us- 
ing TLT  as  the  response  measure.  TLT  refers  to  trials  X exposure 
time.  The  values  of  both  St  and  St-R  durations  were  1/2  sec.  , 1 sec.  , 

2 sec.  and  4 sec.  Stimulus  durations  were  found  directly  related  to 
TLiT,  but  had  a non -significant  effect  on  learning  rate  when  Ss  were 
equated  in  terms  of  performance.  Conversely,  St-R  durations  were 
found  invariant  with  respect  to  TLT,  but  directly  related  to  learning 
rate. 

At  another  point  in  the  1965  paper,  Nodine  says,  ".  . . St-R  duration  is  an 
important  determinant  of  learning  rate  while  St  durations  beyond  1 sec.  in- 
flate TLT  without  , . . increasing  performance.  " 

Johnson  (1964)  quotes  Bugelski  as  saying  that  the  number  of  trials 
times  trial  duration  is  fairly  constant.  Then  he  describes  the  hypotheses  of 
his  study: 

1.  If  the  frequency  of  exposure  is  held  coiastant,  the  amount  learned 
should  be  an  increasing  function  of  time  of  exposure. 

2.  If  total  time  of  exposure  is  held  constant,  the  amount  learned  should 
be  an  increasing  function  of  frequency  of  exposure,  given  an  adequately  slow 
rate  of  exposure. 

3.  If  rate  of  exposure  becomes  too  rapid,  learning  performance  should 
deteriorate. 

Johnson  used  a 4 X 4 factorial  design  with  15  subjects  per  cell.  TLT 
was  set  at  10  sec.  , 20  sec.  , 40  sec.  or  80  sec.  , divided  into  1,  5,  10  or  20 
exposures.  "The  rate  of  exposure  for  each  cell  is  simply  the  total  time  of 
exposure  divided  by  the  frequency.  " Stimulus  items  were  CVC's  of  80% 
mea-iingfulness  and  response  items,  the  digits  1 through  8.  S and  R were 
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presented  simultaneously,  separated  by  a dash,  dot  and  space.  There  was 
a 4-sec.  intertrial  (not  inter -item)  interval.  Subjects  were  not  allowed  to 
respond  or  verbalize  in  any  way  during  the  learning  trials,  which  were  fol- 
lowed by  15  test  trials.  During  the  test  trials,  the  stimulus  was  presented 
for  4 sec.  , followed  by  a 4 sec.  blank  interval  and  then  the  next  stimulus. 

R was  never  presented  during  the  test  trials  and  the  subject's  response  was 
never  corrected.  The  score  was  the  number  of  correct  items  in  15  test 
trials.  Johnson  found  total  time  of  exposure  significant  at  < . 01;  frequency 
significant  at  < . 05;  and  the  interaction  significant  also  at  < . 05.  There  was 
a significant  drop  in  errors  from  1-5  exposures,  but  no  significant  change 
from  5-20  exposures.  Unfortunately,  in  this  study,  the  4-sec.  intertrial  in- 
terval confounded  TLT  with  distributed  practice. 

I 

In  all,  nine  PAL  studies  reviewed  by  Cooper  and  Pantle  "unconditional-  | 
ly  support"  the  total  time  hypothesis.  Carroll  and  Burke  (1965)  and  Nodine 
(1965)  indicated  that  it  may  not  hold  where  stimulus  duration  is  varied,  and 
Johnson  (1964)  suggested  that  perceptual  and  motivational  factors  may  estab- 
lish limits  on  the  presentation  rate  beyond  which  TTHo  does  not  hold.  How- 
ever, within  the  general  paradigm  of  PAL,  with  stimulus  duration  held  con- 
stant and  within  the  rather  wide  limits  of  1 sec.  and  20  sec.  for  S-R  dura- 
tion, TTHo  is  rather  firmly  established.  By  the  use  of  this  paradigm,  we 
can  examine  the  effects  of  varying  the  several  members  of  the  total  learning 
task. 

In  a-  1969  article,  Cooper  (1969)  investigated  the  generality  of  TTHo  in 
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a study  using  serial  learning.  Subjects  were  240  college  students  and  240 
fourth-,  fifth-  and  sixth-grade  children.  All  subjects  learned  a serial  list  of 
low -meaningful  stimuli  by  the  study-test  method,  study  time  being  held  con- 
stant for  each  trial  by  varying  rate  and  number  of  study  trials.  Three  rates 
(2  sec.  , 4 sec.  and  8 sec.  per  item)  were  used.  Cooper  found  that  rate  had 
no  statistically  significant  effect  on  number  of  correct  responses  for  either 
group  of  subjects,  with  or  without  overt  rehearsal. 

Stubin  et  al.  (Stubin,  Heimer  & Tatz,  1970)  considered  total  time  in  a 
paired  associates  paradigm  where  S and  R were  presented  simultaneously. 
Each  pair  was  shown  for  a total  of  20  or  40  seconds,  divided  into  trials  of 
2,  5,  10,  20  or  40  seconds  each.  Success  was  measured  by  a recall  test. 

i 

Subjects  were  135  college  undergraduates.  The  authors  found  that  the  amount' 
learned  varied  directly  with  total  exposure  time  but  (in  contrast  to  Bugelski's 
definition  of  TTHo)  that  more  was  learned  with  shorter  than  with  longer  ex- 
posures per  trial,  at  each  total  exposure  time. 
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Chapter  III 

PRELIMINARY  STUDIES 


Because  the  TTHo  literature  is  concerned  entirely  with  work  done  on 
"normal"  (that  is,  young)  subjects,  it  was  necessary  to  modify  the  paradigm 
considerably  in  order  to  apply  it  to  the  aged.  Therefore,  two  preliminary 
studies  were  performed.  The  first  of  these  used  older  people  as  subjects 
and  was  designed  to  determine  whether  this  approach  would  work  at  all  with 
this  population.  Once  the  changes  in  the  typical  TTHo  study  which  seemed 
necessary  to  make  it  feasible  as  a task  for  older  people  were  decided  upon, 
a small  group  of  subjects  was  run.  The  results  of  this  study  will  be  reported 
below;  however,  the  paradigm  seemed  both  feasible  and  adequate.  This  hav- 
ing been  established,  another  small  group  of  subjects --this  time  college  stu- 
dents recruited  from  undergraduate  courses  in  psychology- -was  run  on  pre- 
cisely the  same  task  as  that  used  for  the  older  group.  The  major  purpose  of 
this  study  was  to  determine  whethe  r the  revised  paradigm  (that  developed  for 
use  with  older  people)  did,  in  fact,  constitute  a TTHo  study  or,  in  other 
terms,  whether  the  revised  paradigm  involved  learning  in  older  people  which 
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was  of  a type  consonant  with  TTHo.  The  task  set  for  older  people  was,  of 
course,  relatively  much  easier  for  the  younger  subjects;  nevertheless,  the 
basic  TTHo  premises  held„  These  studies  will  now  be  described  in  detail. 


Materials  and  Methods 

The  majority  of  TTHo  studies  in  the  literature  use  CVC's  as  stimuli. 
Murdock  (1965)  used  A-B  pairs  of  common  English  words;  Sommers  (1967) 
used  nonsense  syllables  of  30%  meaningfulness.  Murdock's  study,  however, 
involved  a total  length  of  exposure  time  of  only  4 sec.  (divided  into  one,  two 
or  four  trials)  for  each  pair  of  words,  and  tested  for  recall  of  only  one  of  the 
six  pairs  learned  by  each  subject.  Since  it  is  well  known  that  older  subjects 
do  not  respond  well  to  stimuli  of  low  or  ambiguous  meaningfulness,  it  was 
felt  that  CVC's  would  be  inappropriate  stimuli  for  our  purposes.  Arenberg 
(although  it  must  be  emphasized  that  he  was  not  testing  TTHo)  used  two  con- 
sonants as  stimuli  and  two- syllable  adjectives  as  response  items.  Eisdorfer, 
in  his  serial  learning  studies,  used  disyllabic  nouns  as  stimuli.  Combining 
the  information  on  stimulus  and  response  items  gleaned  from  the  TTHo  stud- 
ies with  that  from  studies  designed  for  use  with  older  people,  it  was  decided 
to  use  pairs  of  consonants  as  stimalus  items  and  disyllabic  nouns  as  re- 
sponse items. 

With  regard  to  time  intervals,  the  TTHo  studies  utilized  a range  of 
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times  which  easily  covers  the  limits  within  which  older  people  seem  to  be 
able  to  function.  Times  for  stimulus  exposure  varied  between  l/Z  sec. 
(Nodine,  1965)  and  4 sec.  (Hall,  1967;  Murdock,  1965;  Newman,  1964; 

Nodine,  1965).  S-R  times  varied  from  l/Z  sec.  (Nodine,  1965)  to  36  sec. 
(Sommers,  1967).  (These  are  times  per  item;  that  is,  the  total  time  for  one 
exposure  of  an  S-R  pair.)  Comparing  these  times  with  those  found  in  the 
aging-learning  literature --particularly  the  paired  associates  studies  of  Aren-  i 
berg  and  the  serial  learning  studies  of  Eisdorfer--a  preliminary  set  of  expo- 
sure times  was  selected.  In  the  TTHo  literature,  incidentally,  the  interitem  ' 
interval  has  not  been  studied  systematically  and,  in  fact  (according  to  Cooper  | 
and  Pantle),  was  sometimes  a confounding  factor.  Given  these  facts,  an 
interitem  interval  of  zero  was  used  in  the  present  study.  The  stimulus  expo- 
sure time  of  1 . 9 sec.  used  by  Arenberg  as  his  "fast"  time  (Arenberg,  1965, 
196  7)  is  very  close  to  the  2-sec.  stimulus  exposure  time  used  by  many  TTHo 
investigators.  Therefore,  2 sec.  was  chosen  as  stimulus  exposure  time  for 
this  study.  The  Eisdorfer  studies  on  serial  learning  showed  that  older  sub- 
jects improved  their  performances  up  to  10  sec.  (whether  the  stimulus  word 
was  visible  for  the  entire  time  or  the  screen  was  blank  for  a portion  of  the  re- 
sponse time)  but  that  lengthening  the  time  beyond  10  sec.  did  not  bring  about 
a further  improvement.  Therefore,  a range  of  S-R  times  between  2 sec.  and 
10  sec.  seemed  desirable. 

It  will  be  remembered  that  Cooper  and  Pantle  (1968)  described  two 
methods  usual  in  TTHo  studies  - -<-he  first  keeping  total  learning  time  constant 
and  comparing  numbers  of  items  correct  and  the  second  comparing  times 
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required  to  reach  criterion,  by  subjects  learning  at  different  rates.  The 
first  of  these  seemed  more  appropriate  and  more  efficient  for  the  subject 
population  to  be  dealt  with  in  the  current  studies.  This,  of  course,  created 
further  limitations  on  the  time  periods  to  be  used  in  our  design. 

With  the  above  criteria  and  limitations  in  mind,  the  following  design 
was  established: 

Three  sets  of  S»R  combinations  of  apparently  equal  difficulty  were  de- 
vised. Response  words,  chosen  from  the  Thorndike -Lor  ge  lists,  were  all 
within  the  first  two  levels  of  frequency.  All  response  items  were  disyllabic 
nouns  containing  five  or  six  letters.  Each  S-R  list  contained  five  5 -letter 
nouns  and  three  6-letter  nouns.  Pairs  of  consonants,  to  serve  as  stimulus 
items,  were  selected  to  be  paired  with  response  words  according  to  the  fol- 
lowing criteria; 

1.  Consonant  pairs  consist  of  16  different  letters  for  each  list  of  8 

pairs. 

2.  No  consonant  pair  is  used  more  than  once. 

3.  Letters  in  consonant  pairs  may  not  be  alphabetically  adjacent. 

4.  Familiar  abbreviations  are  excluded  (although  some  scientific  or 
technical  abbreviations,  such  as  PB  or  MV,  are  included). 

5.  Consonant  pairs  which  would  produce  a familiar  word  with  only  the 
addition  of  an  intervening  vowel  are  avoided. 

6.  Stimulus  and  response  items  may  not  form  a larger  word  when  com- 
bined. 
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7.  Neither  member  of  a consonant  pair  is  identical  to  the  first  letter  of 
its  response  word. 

Each  list  of  S-R  items  contained  eight  pairs.  The  lists  are  presented 

below: 

ABC 


CJ  - 

WOMAN 

DS  - 

HONEY 

XD  - 

JEWEL 

DL  - 

ROBIN 

FC  - 

VISIT 

GS  - 

UNCLE 

KB  - 

PERSON 

TO  - 

NOVEL 

LF  - 

PAPER 

XH  - 

SEVEN 

MW  - 

OBJECT 

NR  - 

OCEAN 

MV  - 

ORDER 

PB  - 

STUDY 

SP  - 

HONOR 

SQ  - 

HUMOR 

KZ  - 

SECOND 

HC  - 

SISTER 

NF  - 

DOCTOR 

RJ  - 

FIGURE 

WK  - 

FINISH 

TZ  - 

NATION 

NH  - 

FAVOR 

BJ  - 

REPORT 

Stimulus  time,  as  noted  above,  was  set  at  2 sec.  S-R  times  were  to 
vary  between  2 sec,  and  10  sec.  Within  these  limits,  various  combinations  of 
S (2  sec. ) and  R times  were  manipulated.  It  was  found  that,  if  R times  of  2 
sec.,  4 sec.  and  6 sec.  were  used,  a total  learning  time  for  one  set  (one  list) 
of  576  sec,  would  offer  three  points  at  which  learning  could  be  compared  by 
time--192  sec.,  384  sec.  and  576  sec.  Total  item  times  at  the  three  rates  I 
were  4 sec.  for  2/2,  6 sec.  for  2/4  and  8 sec.  for  2/6.  Total  time  per  trial  ! 
(one  presentation  of  the  16  slides  which  constitute  the  8 S-R  pairs  to  be 
learned),  then,  was  32  sec.  for  2/2,  48  sec.  for  2/4  and  64  sec.  for  2/6.  At 

rate  2/2,  there  were  6 trials  at  192  sec.,  12  trials  at  384  sec.,  18  trials  at 

576  sec.  At  rate  2/4,  there  were  4 trials  at  192  sec. , 8 at  384  sec.  , 12  at 

576  sec.  At  rate  2/6,  there  were  3 trials  at  192  sec.,  6 at  384  sec.  and  9 at 

576  sec.  Thus,  within  this  design,  we  have  the  opportunity  of  examining  the 
effects  of  rate,  trials  and  time  at  three  separate  points. 
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Each  "set"  of  PA  pairs  was  composed  of  five  repetitions  of  the  8 S-R  j 
pairs,  randomized  to  avoid  serial  learningc  This  required  80  slides  for  each! 

i 

set--handily  enough,  the  capacity  of  a Kodak  Carousel  slide  tray.  Using  this  j 
type  of  projector,  it  was  possible  to  continue  the  presentation  of  a set  of  S-R 
items  for  the  appropriate  number  of  times  (determined  by  the  rate)  without  j 
a break. 

A summary  of  the  design  follows: 


Rate 

T rials 

T ime 

Rate 

T rials 

T ime 

Rate 

Trials 

Time 

2/2 

6 

192  sec. 

2/2 

12 

384  sec. 

2/2 

18 

576  sec. 

2/4 

4 

192  sec. 

2/4 

8 

384  sec. 

2/4 

12 

576  sec. 

2/6 

3 

192-  sec . 

2/6 

'6 

384  sec. 

2/6 

9 

576  sec. 

Rates  of  presentation  are  designated  Z/Z,  Z/4  and  Z/6. 

Lists  of  S-R  items  are  designated  A,  B and  C. 

Orders  of  presentation  of  each  rate -list  combination  are  I,  II  and  III. 

This  yields  nine  combinations  of  rate  and  list  (and  27  combinations  of 
rate,  list  and  order). 

ABC/246  BCA/246  CAB/246 

ABC/462  BCA/462  CAB/462 

ABC/624  BCA/624  CAB/624 

Each  subject  received  one  of  these  nine  combinations  of  rate  and  list, 
the  order  in  which  he  received  a given  set  of  stimuli  at  a give)’  rate  being 
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determined  by  the  particular  combination  he  received.  Thus,  subject  "X,  " 
receiving  combination  ABC/246,  learned  S-R  list  A at  rate  2/Z;  then,  list  B 
at  rate  2/4;  then,  list  C at  2/6.  Each  subject, then,  learned  each  list  of  stim- 
uli, and  he  learned  each  list  at  a different  rate  of  stimulus  presentation.  In 
all,  he  participated  in  three  learning  tasks.  The  rates,  lists  and  order  of 
presentation  were  counterbalanced  so  that  the  same  number  of  subjects 
learned  a given  list  at  a given  rate  throughout  the  paradigm.  In  the  prelimi- 
nary studies,  there  was  only  one  subject  per  combination  of  list/rate  in  each 
group--the  older  and  younger  subjects.  The  full  study,  done  subsequently, 
included  45  old  subjects,  yielding  5 subjects  to  each  list/rate  combination. 

In  the  TTHo  literature,  different  groups  of  subjects  learned  at  the  dif- 
ferent rates.  In  both  the  preliminary  studies  and  the  full  study  described 
here,  each  subject  learned  at  each  rate,  thereby  serving  as  his  own  control. 

The  stimulus  and  response  items  were  presented  on  slides  by  means  of 
a Kodak  Carousel  slide  projector.  The  slides  were  constructed  from  "rub- 
on"  letters  on  acetate  film,  set  into  slide  mounts.  The  letters  used  were 
Stenso  brand,  made  by  Dennison  Manufacturing  Company,  and  were  black. 
Gothic  type,  3/l6  inch.  Each  stim.ulus  slide  bore  two  consonants,  centered. 
The  stimulus -response  slides  bore  two  consonants,  a dash,  and  the  response 
word.  A timing  device  was  designed  which  allowed  for  automatic  timing  of 
the  slide  exposures  in  such  a way  that  alternate  slides  could  be  visible  for 
different  lengths  of  time.  As  men;ioned,  stimulus  exposure  time  was  always 
2 sec.  S-R  exposure  time  could  be  set  between  2 sec.  and  10  sec.  In  the 
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case  where  a subject  received  the  combination  ABC/246,  for  example, 
where  combination  A/Z  constituted  the  first  learning  task,  the  timer  was  set 
to  expose  each  slide  for  2 sec.  On  this  subject's  second  learning  task,  B/4, 
the  timer  was  set  so  that  the  first  slide  (DS)  was  exposed  for  2 sec.  ; the 
second  (DS  - HONEY),  for  4 sec.;  the  third  (FC),  for  2 sec.;  the  fourth 
(FC  - VISIT),  for  4 sec.  ; and  so  on.  After  the  full  set  of  8 S-R  pairs  (16 
slides)  had  been  run  through,  the  pairs  appeared  again  in  different  order  but 
with  the  same  exposure  time  per  slide.  The  number  of  times  a given  set 
(8  pairs)  of  items  was  seen  by  the  subject  depended,  of  course,  on  the  rate 
for  that  task--as  indicated  under  "trials,  " above.  Each  learning  task  was 
completed  when  the  subject  had  correctly  responded  to  the  sequence  of  8 

I 

pairs  twice  in  succession,  or  when  the  total  time  of  576  sec.  was  reached. 
(Sample  scoring  sheets  appear  in  Appendix  I.) 


Results 

Study _I:  Old  Subjects 

Subjects  for  this  pilot  study  were  recruited  from  inhabitants  of  the 
Durham  area.  Their  names  were  on  file  at  the  Duke  Center  for  Aging,  and 
most  of  them  had  been  eliminated  from  participation  in  other  studies  for 
health  reasons.  Health  criteria  for  this  pilot  study  were  minimal-~we  re- 
quired only  that  the  subject  be  able  to  get  around  by  himself  and  that  he  had 
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neither  active  heart  disease  nor  known  brain  damage.  From  a list  of  appro- 
ximately 50  names,  we  were  able  to  recruit  10  subjects.  The  data  from  two 
of  these  had  to  be  thrown  out  due  to  the  subjects'  inability  to  complete  the 
task,  leaving  8 subjects.  W AIS  vocabulary  test  scores  were  available  on 
these  subjects  and  ranged  between  7 and  13.  The  age  range  was  64-76.  Sub- 
jects were  paid  $5.00  for  their  participation.  All  subjects  were  male. 

Subjects  were  given  the  following  instructions: 

Mr.  , I'm  going  to  show  you  three  sets  of  slides  (indicating 

circular  slide  tray).  This  is  one  set.  In  each  set,  the  slides  are  ar- 
ranged in  pairs  (removing  the  first  four  slides  from  the  tray  and  show- 
ing them  to  the  subject).  The  first  slide  in  each  pair  will  have  two  let- 
ters on  it,  like  this.  The  second  slide  will  have  the  same  two  letters 
and  a word,  like  this  (indicating  the  two  pairs  of  slides).  Your  task  will 
be  to  learn  the  word  that  goes  with  each  set  of  two  letters.  You  will  see 
these  same  pairs  of  slides  over  and  over,  although  they  will  not  always 
be  in  the  same  order --that  is,  each  letter  slide  will  always  be  followed 
by  the  same  letter -and-word  slide,  but  this  pair  (indicating  the  first 
pair  of  slides  removed  from  the  tray)  may  not  always  be  followed  by  this 
(indicating  the  other  slides  drawn  from  tray)  one.  As  soon  as  you  learn 
the  word  that  goes  with  a particular  set  of  letters,  you  should  say  the 
word  aloud,  and  you  should  say  it  while  the  slide  with  only  the  letters  on 
it  is  showing.  Do  you  have  any  questions?  (If  the  subject  has  questions, 
they  are  ansv/ered  at  this  time,  if  relevant  to  his  understanding  of  the 
task.  If  the  question  concerns  something  else,  it  is  deferred  to  the  end 
of  the  session.)  You  should  try  to  learn  the  words  as  quickly  as  you  can. 
Are  you  ready? 

After  these  instructions,  the  first  set  of  slides  was  presented.  [Most 
subjects  remained  slightly  confused  after  the  instructions  (which  are  undeni- 
ably a bit  complex)  but  soon  understood  their  task  quite  adequately  once  the 
slides  began  coming  on.  ] Most  subjects  remarked  by  about  the  18th  or  20th 
slide  (9th  or  10th  pair)  that  the  s'  imuli  were  repeating.  If  by  about  the  end 
of  the  third  trial  the  subject  had  made  no  response,  he  w'as  reminded  that  he 
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was  to  say  the  word  aloud  and  encouraged  to  try  to  do  so  even  if  he  were  not 
absolutely  sure  he  was  right. 

When  the  subject  had  reached  criterion  or  when  the  576-sec.  learning 
period  was  over,  the  projector  and  timers  were  turned  off  and  the  slide  tray 
removed.  The  subject  was  then  given  a sheet  of  paper  which  contained  the 
letter  pairs  in  one  column  and  the  response  words  in  another,  and  was  asked 
to  match  them.  Below  is  a sample  matching  form: 


MV 

NATION 

KB 

HUMOR 

DL 

PERSON 

CJ 

SEVEN 

SQ 

WOMAN 

TZ 

ORDER 

XH 

ROBIN 

NF 

DOCTOR 

If  the  subject  did  not  know  how  to  go  about  matching,  it  was  suggested  that 
lie  draw  lines  between  the  letters  and  words  that  went  together,  or  that  he 
write  the  letters  beside  the  appropriate  words,  or  vice  versa.  While  the 
subject  was  performing  the  matching  task,  the  experimenter  placed  the  next 
slide  tray  in  position,  set  the  timers,  etc.  When  the  subject  had  finished  the 
matching  task,  he  was  told:  "That  was  fine.  Now  we'll  rest  a minute  and 

then  v/e'll  do  another  set.  You  may  notice  that  this  time  the  length  of  expo- 
sure of  some  of  the  slides  will  be  different  from  last  time.  But  your  task  is 
exactly  the  same.  Again,  try  to  learn  the  words  as  quickly  as  possible." 

After  the  second  set  of  slides  was  shown,  the  subject  was  informed  that 
there  was  one  more  set  to  do.  When  this  was  completed,  any  relevant  ques- 
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tions  the  subject  had  asked  during  the  experimental  procedure  were  answered 

! 

and  the  subject  was  thanked  for  his  cooperation.  At  all  times  during  the  ex-  ; 

I 

periment,  an  effort  was  made  to  keep  the  subject  feeling  as  comfortable  as 
possible.  If  he  remarked  on  the  difficulty  of  the  task,  the  experimenter 
agreed  that  it  was,  in  fact,  rather  difficult.  The  subject  was  assured  that 
the  study  was  not  a measure  of  intelligence  and  was  informed  that  the  area 
of  interest  was  not  how  well  he  performed  in  an  absolute  sense  nor  how  he 
compared  with  otlier  subjects  (a  frequent  question),  but  how  the  changes  in 
exposure  time  affected  his  own  performance.  Most  subjects  accepted  this 
and  seemed  to  be  reassured  by  it.  No  formal  set  of  information  in  this  area 
was  prepared  since  subjects  varied  considerably  in  their  need  for  reassur- 

I 

ance.  The  point  that  the  subject  was  being  compared  only  with  himself  v/as  ' 

j 

made  at  the  beginning  of  the  experiment  and  reiterated  if  it  seemed  neces-  j 

I 

sary.  If,  after  the  first  set  of  slides,  the  subject  expressed  dissatisfaction 

I 

with  his  performance,  he  was  given  whatever  reassurance  was  necessary  to  I 
keep  him  performing.  One  subject  refused  to  complete  the  experiment. 

Statistical  analysis  of  results.  It  should  be  emphasized  that  the  aim  of  ^ 
this  pilot  study  was  not  to  compare  young  subjects'  performance  with  that  of 
the  older  ones.  The  pilot  study  on  old  subjects  was  intended  to  test  the  TTHo 
as  a paradigm  for  use  with  this  age  group.  The  pilot  on  younger  subjects  was 
done  simply  to  be  certain  that  the  revised  paradigm  did,  in  fact,  meet  the 
criteria  of  a TTHo  study.  Therefore,  statistical  analysis  was  applied  to 
each  group  separately. 
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Because  the  number  of  possible  correct  answers  to  each  set  of  stimuli 
varied  with  the  rate  of  stimulus  presentation,  answers  were  scored  in  per 
cent  correct  responseS“-a  ratio,  in  fact,  of  correct  to  possible  correct  an- 
swers. This  seemed  the  simplest  and  most  direct  way  of  comparing  the  in- 
dividual subject's  performance  among  the  three  conditions.  Throughout, 
analysis  of  variance  according  to  Li  was  used. 


Per  Cent  Correct  Responses  by  Rate 
(N  = 8;  df  2,  21) 

atl92sec.  F=3.3;p<.10>.05 
at  384  sec.  F = 1.7;  NS 

at  576  sec.  F = . 71;  NS 

I 

At  192  sec.,  the  difference  between  mean  per  cent  correct  respou-  j 
ses  approaches  statistical  significance.  The  difference  disappears, 
however,  as  the  total  time  increases. 


Per  Cent  Correct  Responses  by  Order 

This  analysis  of  variance  was  done  to  determine  whether  the  sub- 
ject was  at  any  significant  disadvantage  during  set  1,  when  he  was  still 
learning  the  task  as  well  as  the  words. 

at  576  sec.  F = . 21;  NS 

Thus,  there  was  no  order  effect. 
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Per  Cent  Correct  Responses  by  List 

This  analysis  was  done  to  determine  whether  the  lists  of  stimuli 
were  indeed  of  equal  difficulty. 

at  576  sec.  F = .45;  NS 

There  was  no  difference  among  lists. 


Per  Cent  Errors  of  Commission  by  Rate 


In  view  of  the  fact  that  many  investigators  have  found  that  the 
major  effect  of  fast  pacing  is  to  increase  errors  of  omission,  an 
analysis  of  errors  by  rate  of  presentation  was  undertaken. 

at  576  sec.  F = . 10;  NS 

Ratio  of  omission  to  commission  errors  was  not  affected  by  rate  of 
stimulus  presentation  in  this  paradigm. 


Per  Cent  Correct  Responses  on  Final  Trial  by  Rate 

This  analysis  was  performed  on  the  assumption  that  the  degree  of 
success  in  learning  the  response  words  would  be  most  manifest  at  the 
end  of  each  learning  task. 

F = . 06;  x4S 

Rate  of  stimulus  presentation  did  not  produce  a difference  in  means 
on  this  measvire  of  learning. 


Per  Cent  Correct  Responses  on  Recall  by  Rate 

Recall,  measured  by  a matching  task  immediately  after  the  original 
learning  of  each  set,  was  considered  to  be  yet  another  means  of  meas- 
uring ultimate  success. 

F = . 31;  NS 

There  was  no  difference  in  means  by  this  method  of  measurement. 
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In  summary,  the  various  analyses  performed  on  this  data  indicated 

that: 

1.  there  was  no  order  effect. 

2.  lists  of  stimuli  did  not  differ  in  difficulty. 

3.  with  regard  to  the  major  variable,  rate  of  presentation, 

a.  there  was  no  differential  effect  on  ratio  of  omission  to  commis- 
sion errors. 

b.  on  three  learning  measures  (per  cent  correct  responses  at  three 
separate  points  during  the  learning  task,  per  cent  correct  re- 
sponses during  the  final  exposure  of  each  sequence  of  S-R  pairs, 
and  per  cent  correct  responses  on  recall  as  measured  by  a 
matching  task),  there  were  no  statistically  significant  difter- 
ences  in  performance.  Only  on  per  cent  correct  responses  at 
192  sec.  did  the  difference  in  means  approach  statistical  signifi- 
cance. 

Study  II;  Young  Subjects 

Subjects  for  this  study  were  recruited  by  means  of  sign-up  sheets 
posted  in  the  hall  of  the  Psychology  Building.  All  subjects  were  students  in 
Duke  psychology  courses  and  received  experimental  credit  for  their  partici- 
patica.  In  view  of  the  purpose  of  the  study  (to  test  the  paradigm  rather  than 
the  subjects),  no  attempt  was  made  to  match  these  subjects  with  the  older 
group.  The  task  was  presented  to  these  subjects  just  as  it  was  to  the  older 
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ones.  There  were  10  subjects  in  the  young  group.  As  in  the  older  group, 
all  were  male  subjects. 

Statistical  analysis  of  results. 

Per  Cent  Correct  Responses  by  Rate 

(N  = 10;  df  2,  27) 

at  192  sec.  F = 1.  69;  NS 

at  384  sec.  F = 1.49;  NS 

at  576  sec.  F = 1.  35;  NS 

Rate  of  presentation  did  not  affect  performance. 


Per  Cent  Correct  Responses  by  Order 
at  576  sec.  F = 1. 54;  NS 
„ There  was  no  order  effect. 


Per  Cent  Correct  Responses  by  List 

at  576sec.  F = 5.76;  p<  .01  > .005 

Lists  of  stimuli  are  not  of  equal  difficulty  for  the  young  subjects.  From 
inspection  of  the  data,  it  appears  that  list  "b"  is  more  difficult.  The  j 
words  in  all  three  lists  were  chosen  from  the  Thorndike -Lorge  list  and  | 
were  of  equal  frequency  of  usage  {a  and  aa) . They  were  assigned  ran-  | 
domly  to  the  various  experimental  lists.  In  view  of  the  very  low  F 
value  (F  = .45)  for  old  subjects,  and  in  view  of  the  absence  of  any  ob- 
\dous  explanation  for  the  list  effect,  it  did  not  seem  necessary  to  a.lter 
the  lists.  In  any  event,  list  rate  and  order  would  all  be  counter- 
balanced in  the  main  study  so  that,  even  if  there  were  a list  effect,  it 
would  be  experienced  equally  by  all  subjects. 
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Per  Cent  Errors  of  Commission  by  Rate 

F = . 19;  NS 

Rate  of  presentation  did  not  affect  ratio  of  omission  to  commission 
errors . 


Per  Cent  Correct  on  Final  Trial  by  Rate 

Tliis  analysis  was  not  done  for  young  subjects  since  all  of  them 
reaclsed  criterion  and,  therefore,  all  of  them  achieved  100%  correct 
R on  final  trial. 


Per  Cent  Correct  Responses  on  Recall  by  Rate 


Here,  too,  all  young  subjects  achieved  perfect  scores.  This  was 
the  naatching  task. 


Number  of  Trials  to  Criterion 

Tinis  analysis  was  not  done  for  old  subjects  since  only  one  of  them 
reacHed  criterion.  It  was  done  for  young  subjects  to  answer  the  ques- 
tion a.s  to  whether  the  number  of  presentations  of  the  stimuli,  rather 
than  the  total  time,  had  a significant  effect  on  learning/performance . 
Thus,,  it  is,  in  effect,  another  test  of  the  paradigm. 

By  rate  F = . 35;  NS 

By  order  F = 2.  67;  NS 

By  list  F = 4.  6;  p < . 025  > . 01 

Here,  again,  the  effect  of  list  appears  for  young  subjects.  The  other 
two  v^ariables,  however,  do  not  appear  to  affect  number  of  trials  to 
criterion.  Thus,  this  gives  a further  indication  that  we  are  here  test- 
ing total  time  rather  than  some  other  presentation  variable. 
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Discussion 

The  two  preliminary  studies  described  above  seemed  to  provide  evi- 
dence that  the  TTHo  method  could,  indeed,  be  modified  to  permit  examina- 
tion of  learning  variables  in  an  aged  population,  and  that  the  modified  para- 
digm, as  evidenced  by  its  success  with  the  younger  group,  did,  indeed,  con- 
stitute a total  time  study.  The  reasons  for  performing  each  statistical  anal-  { 
ysis  and  the  interpretation  of  each  result  are  given  above.  It  was  decided  to  ! 
proceed  with  the  planned  larger  study. 
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Chapter  IV 


PRESENT  STUDY 


Subjects 

The  difficulty  of  obtaining  a large  number  of  older  people  who  had  not 
participated  in  previous  studies,  in  the  Durham  area,  made  it  advisable  to 
look  elsewhere.  The  experimenter  spoke  with  the  Community  Health  Asso- 
ciation in  Charlotte,  N.  C.  , which  has  an  active  chapter  of  the  American 
Association  of  Retired  Persons.  Mrs.  Maribelle  Scoggin,  who  directs  com- 
munity services  dealing  with  old  people,  was  eager  to  help  and  provided 
access  to  the  executive  board  of  the  Charlotte  Senior  Forum,  an  organization 
of  retired  men  most  of  whom  have  held  executive  and  managerial  level  posi- 
tions. THe  Senior  Forum  decided  to  make  the  study  a club  project,  provided 
a list  of  tlieir  members  and  encouraged  the  members  to  participate.  Mrs. 
Scoggin  and  Mrs.  C.  L.  Snoddy  also  helped  the  experimenter  get  in  touch 
with  some  of  the  occupants  of  a local  apartment  complex  for  low-income,  re- 
tiree people.  Through  these  two  sources,  45  subjects  were  recruited.  These 
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subjects  met  the  following  criteria:  male;  living  in  their  own  homes  (that  is, 
not  confined  to  nursing  homes,  etc.  );  over  60  years  of  age;  in  good  health 
(this  criterion  included  these  points:  no  history  of  brain  damage;  no  heart 
or  circulatory  disease  which  imposed  any  serious  limitations  on  their  acti- 
vities; no  uncorrected  sensory  defect  or  disorder  which  might  interfere  with 
perception  of  stimuli  or  ability  to  respond). 

Although  it  was  supposedly  established  at  the  time  of  scheduling  that 
each  subject  met  all  these  criteria,  each  subject  was  specifically  questioned 
on  each  point  before  beginning  the  experimental  task.  In  the  event,  no  sub- 
ject had  to  be  eliminated  for  health  reasons  after  arriving  for  his  appointment. 

The  vocabulary  subtest  of  the  WAIS  is  well  known  both  to  correlate  high- 
ly with  the  full  test  score  and  to  hold  up  well  with  age;  that  is,  the  vocabulary 
test  provides  one  of  the  best  single  indicators  of  current  and  of  prior  level  of 
intellectual  functioning  as  it  is  measured  by  this  test.  It  has  also  been  used 
frequently  in  the  aging  literature  as  an  indicator  of  "IQ.  " Therefore,  this 
subtest  was  administered  to  all  subjects  as  an  IQ  estimate.  The  Senior 
Forum  members  were,  in  general,  much  more  willing  to  participate  than 
were  the  occupants  of  the  apartment  complex.  Since  they  are,  generally, 
above  average  in  "IQ"  (and  in  socioeconomic  status),  the  mean  "IQ"  of  the 
group  of  subjects  as  a whole  was  somewhat  above  average.  WAIS  Vocabulary 
Scaled  Score  range  for  the  45  subjects  was  7-17,  mean  12.  1 (see  Fig.  1). 

Age  range  was  60-85,  mean  69.  8 (Fig.  2).  Subjects  were  paid  $7.  00  for  their 
participation  in  the  study.  Senior  Forum  subjects  were  not  informed  that  they 
would  be  paid  until  they  arrived  for  their  appointments  (at  the  insistence  of 
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Fig.  1.  Distribution  o WAIS  Vocabulary  Scores. 
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Fig.  2.  Distribution  of  Age. 
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their  executive  board).  The  apartment  complex  subjects  were  told  during 
the  telephone  contact  that  they  would  be  paid. 

Setting 

Mrs.  Scoggin  arranged  for  the  use  of  the  library  in  the  Charlotte  United 
Community  Services  Building  for  the  experiment.  This  is  a well-lighted, 
comfortable  room  in  an  elegant  new  building,  and  is  at  present  rarely  used. 

It  was  possible  to  have  undisturbed  access  to  this  room,  and  to  keep  the  ex- 
perimental equipment  there,  maintaining  always  the  same  spatial  relation- 
ships. The  slide  projector  and  timers  were  placed  at  one  end  of  a long, 
empty  table,  and  the  slides  were  shown  on  a matte  finish  white  wall  at  the 
other  end  of  the  table.  The  distance  from  the  projector  lens  to  the  wall  was 
80  in.  Each  letter,  when  focused  from  that  distance,  was  2 3/4  in.  high  and 
11/2  in.  wide.  The  letters  showed  up  dark  gray  against  the  white  back- 
ground. All  subjects  were  able  to  read  the  slides  without  difficulty.  The 
subject  sat  in  a comfortable  armless  but  cushioned  chair  just  to  the  right  of 
the  projector  so  that  the  distance  from  the  subject's  eyes  to  the  wall  was  also 
80  in.  (Some  subjects,  naturally,  tended  to  shift  the  position  of  the  chair 
slightly.  The  variation,  however,  was  small.  ) All  subjects  were  tested  in 
the  same  room  under  the  same  conditions.  The  horizontal  visual  angle  was 
13  degrees. 
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Each  subject  was  first  asked  the  necessary  questions  regarding  name, 
address,  social  security  number  and  health,  and  all  necessary  forms  were 
filled  out.  This  required  between  five  and  ten  minutes,  and  was  followed 
immediately  by  administration  of  the  WAIS  Vocabulary  test.  This  required 
an  additional  ten  to  fifteen  minutes.  Then  the  formal  instructions  were  given 
and  testing  began.  The  entire  procedure  (including  formi -filling  and  vocabu- 
lary test)  required  between  1 and  11/2  hours,  the  difference  depending  pri- 
marily on  the  garrulity  of  the  subject  and  the  length  of  his  answers  on  the 
vocabulary  test.  The  time  spent  in  the  actual  testing- -that  is,  the  time  spent 
viewing  the  slides --was  just  under  thirty  minutes,  including  all  three  tasks. 

The  equipment,  materials,  methods  and  instructions  - -except  for  those 

I 

specific  to  the  full  study  and  described  immediately  above- -were  identical  to 
those  in  the  pilot  studies. 

Statistical  Analysis 

The  statistical  analysis  of  the  results  of  the  preliminary  studies  was 
done  in  the  simplest  possible  form- -that  is,  analyses  of  variance  according 
to  Li  were  done  separately  for  each  variable.  This  is  not,  of  course,  entire- 
ly statistically  legitimate,  nor  dees  it  give  nearly  all  the  information  avail- 
able in  the  data.  Therefore,  the  'ull  study  was  analyzed  as  a standard  anal- 
ysis of  variance  for  a 3 X 3 factorial  experiment  arranged  in  nine  blocks  of 
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three  with  each  type  of  block  occurring  five  times.  Because  of  certain  mathe- 
matical verities  of  which  the  experimenter  was  unaware,  the  design  resulted 
in  eight  degrees  of  freedom  being  confounded  with  blocks.  These  involved 
two  degrees  of  freedom  for  each  of  the  interactions  Order  X List,  Order  X 
Rate,  List  X Rate  and  Order  X List  X Rate.  The  above-mentioned  mathe- 
matical verities  were  known  to  the  statistician  who  aided  in  the  analysis,  how- 
ever, and  he  found  it  possible  to  "unconfound"  these  interactions.  Thus,  the 
3X3  factorial  design  yields  F values  for  all  main  effects  (Rate,  List  and 
Order),  and  for  all  the  relevant  interactions  - -Order  X List,  Order  X Rate, 
List  X Rate  and  Order  X List  X Rate.  The  statistical  analysis  also  extracts 
the  appropriate  error  term  for  the  estimable  effects  which  amounts  to  being 
the  within  block  treatment  combination  X subject  interaction. 

Most  of  the  above-mentioned  interactions  yielded  extremely  low  F 
values--many  of  them  were  less  than  1.  0.  Interaction  effects  will  not  be  re- 
ported or  discussed  within  the  body  of  the  text  except  in  those  cases  where  a 
statistically  significant  interaction  was  found. 

Several  questions  arose  after  the  fact  as  the  data  were  being  studied. 

It  would  not  be  statistically  legitimate  to  perform  analyses  of  variance  in 
these  cases.  The  questions  were  interesting  enough  or  important  enough  to 
require  some  treatment,  however.  They  will  therefore  be  reported  only  in 
terms  of  mean  values  and  graphs.  Within  the  text,  it  will  be  made  clear 
which  results  derive  from  the  statistically  proper  full  design  and  which  are 
aiter-the-fact  crude  attempts  by  the  experimenter  to  answer  afi.er -the-fact 
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questions. 

The  full  analysis  includes  results  for  main  effects  and  interactions  for 
the  following  variables:  Per  Cent  Correct  Responses  at  192  sec.  , 384  sec. 
and  576  sec.  ; Recall;  Per  Cent  Correct  Responses  on  Final  Trial  (for  the 
sum  of  the  three  learning  tasks);  and  Per  Cent  Errors  of  Commission.  It 
also  includes  an  analysis  by  blocks  with  the  scores  of  "poor  learners"  de- 
leted, and  correlations  of  scores  at  576  sec.  with  WAIS  Vocabulary  scores. 
These  correlations  yield  results  not  only  for  the  sum  of  the  three  scores  (by 
rate)  for  each  subject,  but  also  the  within- subject  effects. 

Results 


As  in  the  pilot  studies  reported  above,  the  major  question  of  interest 
was  the  effect  of  speed  of  pacing  on  success  in  learning  lists  of  paired  asso- 
ciates. Again,  each  subject  learned  three  8-pair  lists  (lists  A,  B and  C).  A 
given  subject  learned  each  list  at  a different  rate  (2/2,  2/4  or  2/6),  the  rates 
being  counterbalanced  so  that  each  rate/list  combination  was  received  by  an 
equal  number  of  subjects.  There  being  nine  possible  rate/list  combinations, 
and  45  subjects  in  all,  there  were  then  five  subjects  who  received  each  of  the 
nine  rate/list  combinations.  As  nientioned  above,  the  order  in  which  a sub- 
ject learned  his  three  tasks  was  determined  by  the  rate/list  combination  he 
received.  (In  combination  ABC/246,  list  A was  learned  first  at  rate  2/2, 
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list  B second  at  rate  2/4,  list  C third  at  rate  2/6.)  Forty-five  sets  of  scor- 
ing sheets  were  prepared,  five  for  each  list/rate  combination.  These  were 
used  in  the  order  I through  IX,  then  this  order  was  repeated  four  more  times. 
Subject  "X"  received  the  list/ rate  combination  which  was  on  the  top  of  the 
stack- -perhaps  CAB/246.  Subject  "Y,  " then,  received  the  next  combination, 
or  cab/462,  and  so  on.  Again,  only  old  subjects  were  included  in  this  study. 
We  were  not  attempting  to  compare  the  performances  of  old  and  young.  (The 
TTHo  literature  gives  considerable  information  with  regard  to  the  perform- 
ance of  young  subjects  on  such  a task;  the  preliminary  studies  show  that 
young  subjects  perform  similarly  to  old  subjects  on  this  particular  task  but 
that  they  are,  overall,  much  better  at  it.  ) Therefore,  we  are  considering 
only  the  effects  of  the  variables  on  the  performances  of  aged  persons. 

As  in  the  preliminary  studies,  responses  were  scored  in  per  cent  cor- 
rect of  possible  correct  answers,  except  where  otherwise  indicated. 

Effects  of  Rate 


Per  Cent  Correct 

Responses 

by  Rate 

(N  - 

45;  df  = 2 

, 72--Fig. 

3) 

2/2 

2/4 

2/6 

F 

P 

192 

sec. 

17.  9 

16.9 

12.  7 

2.  55 

NS 

384 

sec. 

30.  6 

31.  1 

25.  3 

2.  69 

NS 

576 

sec. 

39.  0 

4D.  5 

34.  8 

2.  26 

NS 

At  192  sec.  the  interactic.i  OLR  (Order  X List  X Rate)  with  df  6,  72 
yielded  an  F value  of  2.  23  p <.05  >.  025.  All  other  interactions 
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Fig.  3.  Mean  Per  Cent  Correct  Responses  by  Rate. 
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involving  rate  (Order  X Rate,  List  X Rate)  yielded  nonsignificant  F 
values,  including  OLR  at  384  sec.  and  576  sec. 

It  is  apparent  that  there  is  no  substantial  difference  in  per  cent  cor- 
rect responses  according  to  the  various  rates.  If  one  looks  to  the  raw 
figures  for  trends,  rates  2/2  and  2/4  seem  to  be  slightly  more  effec- 
tive than  rate  2/ 6 but  to  differ  very  little  between  themselves. 


Number  of  Correct  Responses  on  Final  Learning  Trial 


(N  = 45;  df  = 2,  72--Fig.  4) 

(Includes  tasks  I,  II  and  III.)  There  being  eight  pairs  of  associates 
to  learn,  the  range  of  possible  correct  responses  is  1-8. 


2/2 

2/4 

2/6 

F 

P 

Mean  # 

4.  6 

4.9 

4.  4 

1.  21 

NS 

correct 

No  significant  interactions. 


Rate  of  exposure  has  no  significant  effect  on  number  of  correct  re- 
sponses during  the  final  trial. 


Number  of  Correct  Responses  on  Recall 

(N  = 45;  df  = 2,  72--Fig.  4) 

2/2  2/4  2/6  F p 

Mean#  5.4  5.4  5.9  1.72  NS 

correct 

No  significant  interactions. 

The  number  of  associate;-  correctly  recalled,  as  measured  by  the 
matching  task,  also  yields  no  significant  rate  effects.  The  raw  figures 
here  show  a superiority  of  rate  2/6  for  the  first  time.  The  demands  of 
this  task  are,  of  course,  somewhat  different  from  those  of  the  learning 
task  itself.  Wliether  the  slightly  better  performance  at  rate  2/6  is  re- 
lated to  the  task  itself  or  to  the  exposure  time  or  is,  perhaps,  arti- 
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Fig.  4.  Mean  Correct  Responses  on  Final  Learning 
Trial  and  on  Recall,  by  Rate. 
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Fig.  5.  Mean  Per  Cent  Errors  of  Commission  oy  Rate. 
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factual  is  uncertain.  The  F value  is  so  low,  however,  that  one  would 
hesitate  to  interpret  this  even  as  a trend. 


Per  Cent  Errors  of  Commis  si  on 
(N  = 45;  df  = 2,  72--Fig.  5) 


2/2 

2/4 

2/6 

F 

P 

Per  cent 

13.  2 

14.  2 

15.  6 

. 86 

NS 

commission 

errors 

No  significant  interactions. 

A higher  percentage  of  commission  to  omission  errors  is  some- 
times assumed  to  indicate  a generally  higher  level  of  responsiveness 
which  may,  in  turn,  be  related  to  better  performance  on  learning  tasks. 
In  this  paradigm,  rate  of  exposure  does  not  appear  to  produce  differ- 
ences in  ratio  of  commission  to  omission  errors. 


Per  Cent  Correct  Responses  by  Rate  for 
Four  and  Three  Replications 

These  analyses  of  variance  were  done  to  determine  whether  the  rate 
of  exposure  produced  different  effects  for  good  and  poor  learners. 
These  analyses  were  performed  in  the  iollowing  way; 

Within  the  design  of  the  full  experiment,  the  45  subjects  were 
divided  among  nine  blocks  of  five  subjects  each.  Each  block  included 
all  the  subjects  who  received  a particular  rate/list  combination.  For 
the  analysis  for  four  replications,  the  subject  in  each  block  who 
achieved  the  lowest  scores  was  dropped  from  that  block.  Similarly, 
for  the  analysis  for  three  replications,  the  two  subjects  achieving  the 
lowest  scores  were  dropped.  Thus,  the  analysis  for  four  replications 
includes  four  subjects  per  block  and  thirty-six  subjects  in  all;  that  for 
three  replications  includes  three  subjects  per  block  and  twenty-seven 
subjects  in  all. 
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Analysis  for  Four  Replications 


(N  = 36;  df  = 2,  66--Fig.  6) 


2/2 

2/4 

2/ 6 

F 

P 

192  sec. 

21.  2 

20.  1 

14.  6 

1.  85 

NS 

384  sec. 

35.  6 

35.  2 

28.  0 

2.  64 

NS 

576  sec. 

45.  2 

45.  6 

38.  1 

2.  50 

NS 

Analy 

sis  for  Three  Replications 

(N  - 

27;  df  = 2, 

48- -Fig.  7) 

2/2 

2/4 

2/6  F 

P 

192 

sec. 

22.  4 

21.  0 

17.2  .97 

NS 

384 

sec. 

37.  7 

36.  9 

30.7  1.32 

NS 

576 

sec. 

48.  2 

47.  2 

40.9  .93 

NS 

Since  all  the  interactions  for  the  full  study  were  nonsignificant 
(with  the  few  exceptions  noted  above),  sums  of  squares  for  error  and 
interactions  were  pooled  in  the  present  analyses. 


Subjects  Dropped  for  Analyses  for  Four  and  Three  Replications 


The  analyses  for  four  and  three  replications,  reported  immediately 
above,  have  shown  only  very  slight  differences  from  that  for  the  full  | 
study.  The  investigator  discussed  with  the  statistician  the  possibility  i 
of  different  patterns  of  responses  among  those  subjects  dropped  for 
these  analyses  - -the  "poor"  learners.  Due  to  the  amount  of  computer  ! 
time  (and  personnel  time)  already  invested  in  the  statistical  analysis  [ 
of  this  experiment,  it  did  not  seem  advisable  to  run  analyses  of  vari- 
ance for  the  groups  of  nine  and  eighteen  subjects,  unless  some  startl- 
ing differences  appeared  in  their  mean  scores.  The  likelihood  of  find- 
ing anything  substantially  different  in  the  effects  of  rate  on  perform- 
ances among  these  subjects  is  remote,  in  the  light  of  the  consistency 
among  results  already  presented.  If  there  were,  in  fact,  any  new  pat- 
terns, these  would  be  revealed  by  the  means.  Therefore,  only  means 
will  be  reported  for  the  poor  learners. 
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Fig.  6.  Mean  Per  Cent  Correct  Responses  by  Rate  for 
Four  Replications. 
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Fig.  7.  Mean  Per  Cent  Correct  Responses  by  Rate  for 
Three  Replications. 
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Means  for  Subjects  Dropped  for  Analysis  for  Four  Replications 


(N  - 9--Fig.  8) 


2/2 

2/4 

2/6 

192  sec. 

5.  0 

4.  2 

4.  9 

384  sec. 

10.  5 

14.  5 

14.  4 

576  sec. 

14.  1 

20,  2 

21.  5 

Means  for  Subjects  Dropped  for  Analysis  for  Three  Replications 


(N  = 18--Fig.  9) 


2/2 

2/4 

2/6 

192  sec. 

11.  3 

10.9 

5.9 

384  sec. 

20.  0 

22.  3 

17.  1 

576  sec. 

25.  2 

30.  6 

25.  6 

The  means  for  eighteen  subjects  include  the  scores  which  produced  | 
the  means  for  nine  subjects.  As  would  be  expected,  those  for  nine  sub-  | 
jects  are  lower,  overall,  since  these  subjects  achieved  the  poorest 
scores  overall.  Similarly,  the  means  for  eighteen  subjects  are  lower 
than  those  for  the  full  study. 

As  has  been  the  case  throughout  the  analysis,  rate  2/2  seems  to 
produce  the  best  results  after  192  sec.  For  both  nine  and  eighteen  sub- 
jects, rate  2/4  is  superior  after  384  sec.,  while  rate  2/6  shows  a very 
slight  superiority  after  576  sec.  for  nine  subjects;  with  rate  2/4  still 
superior  at  this  time  for  eighteen  subjects.  The  difference  at  576  see. 
between  rates  2/4  and  2/6  for  nine  subjects  is  so  small  as  to  be  dis- 
regarded. The  only  finding  of  interest  among  these  mean  figures  is 
that  rate  2/6  does  not  appear  to  produce  generally  inferior  results,  as 
it  did  appear  to  do  for  the  fvill  study  as  well  as  for  four  and  three  re- 
plications. On  the  other  hand,  rate  2/6  does  not  seem  to  offer  a better 
opportunity  than  the  other  rates  for  success  to  "poor"  learners,  as 
might  be  expected. 

Comparing  the  mean  figures  immediately  above  with  those  for  the 
full  study,  it  is  apparent  that  there  are  no  differences  great  enough  to 
suggest  a possibility  of  statistical  significance.  The  differences  among 
means  would  have  to  be  larger  here  than  in  the  results  for  the  full  study 
to  produce  such  an  effect,  since  there  are  fewer  degrees  of  freedom. 
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Fig.  8.  Mean  Per  Cent  Correct  Responses  by  Rate  for  Nine 
"Poor  Learners." 
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Fig.  9.  Mean  Per  Cent  Correct  Responses  by  Rate  for 
Eighteen  "Poor  Learners." 


57 


With  this  in  mind,  it  would  be  well  to  interpret  these  differences  among 
means  with  considerable  caution.  There  is  nothing  in  these  figures 
which  is  outstanding  enough  even  to  suggest  the  strong  possibility  of  a 
trend. 

Correlations.  Two  nonparametric  correlations  were  run  between 
WAIS  vocabulary  scores  and  performance  in  per  cent  correct  responses  after 
576  sec.  The  statistics  used  were  Kendall's  Tau  and  Spearman's  Rho.  Rho 
is  more  familiar  to  psychologists  than  is  Tau.  Tau,  however,  is  sounder 
mathematically  and  provides  a more  precise  tool  for  discerning  the  effects 
of  the  type  of  relationship  with  which  we  are  here  concerned.  The  two  sta- 
tistics yielded  results  which  are  identical  except  for  significance  level.  Cor- 
relations were  performed  for  the  three  rates,  2/2,  2/4  and  2/6  and  for  the 
pooled  scores  for  each  subject. 


Results  of  Correlations 


Rate 

Rho 

Tau 

2/2 

. 53  p < .01 

. 39  p < .05 

2/4 

. 53  p < .01 

. 39  p < .05 

2/6 

.48  p < .01 

. 34  p < .05 

Total 

. 59  p < .01 

. 43  p < .05 

As  would  be  expected,  IQ  as  measured  by  the  WAIS  vocabulary  test 
correlates  positively  and  significantly  with  successful  performance  at 
all  three  rates  a,nd  for  the  pooled  total.  The  correlation  coefficients 
at  each  rate  are  very  similar.  The  coefficients  for  "Total"  would  be 
expected  to  be  higher  than  those  for  each  rate,  since  they  are  computed 
from  figures  which  pool  the  performance  at  each  rate,  and  each  of  the 
rate  coefficients  is  positive. 

In  view  of  the  importance  of  the  question  of  the  relationship  between 
"IQ"  and  performance  at  the  various  rates,  the  most  revealing  finding 
among  the  correlations  is  that  WAIS  vocabulary  score  correlates  posi- 
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tively  with  all  three  rates,  with  no  substantial  differences  among  rates. 
The  correlation  coefficient  for  rate  Z/6  is,  according  to  both  statistics, 
somewhat  lower  (although  not  statistically  significantly  lower)  than 
those  for  rates  2/2  and  2/4.  If  this  can  be  interpreted  as  indicating 
anything  at  all,  it  is  that  rate  2/6  is  less  closely  related  to  "IQ"  than 
the  other  rates.  It  has  been  shown  in  the  results  reported  above  that 
rate  2/6  is  slightly  inferior  in  nearly  all  cases,  but  less  so  among 
"poor"  learners.  This  is  consistent  with  the  correlation  results. 

As  mentioned  above,  several  questions  arose  after  the  fact  which  could 
not,  for  reasons  of  statistical  validity,  be  treated  within  the  analyses  per- 
formed on  the  full  design.  These  questions  concerned  effects  of  rate  upon 
performance  on  Task  I,  comparison  of  subjects  who  achieved  high  and  low 
WAIS  vocabulary  scores,  and  performances  by  subjects  who  reached  criter- 
ion on  one  or  more  tasks.  These  questions  are  treated  here  only  by  com- 
parison of  mea.ns,  and  by  graphs. 


Per  Cent  Correct  Responses  by  Rate  on  Task  I 
(N  = 15--Fig.  10) 

The  rationale  for  this  analysis  is  the  fact  that  during  Task  I the  sub- 
ject is  learning  not  only  the  P -A  pairs  but  also  the  task  itself.  It 
seemed  that  there  might  be  differential  effects  of  rate  under  this 
"learning  to  learn"  condition.  There  being  45  subjects  in  all,  there 
are  15  subjects  in  each  rate  group- -that  is,  15  subjects  learned  first 
at  rate  2/2,  15  at  rate  2/4  and  15  at  rate  2/6.  The  lists  were  simi- 
larly counterbalanced  but  are  not  of  specific  interest  here. 


2/2 

2/4 

2/6 

192  sec. 

18.  0 

12.  8 

13.  8 

384  sec. 

28.  2 

21.4 

26.  7 

576  sec. 

35.  6 

29.  2 

35.  0 

Here  we  see  a trend  toward  superiority  of  rate  2/2,  especially  after 
192  sec.  , with  virtually  no  difference  between  rates  2/2  and  2/6  by  the 
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/?ate  2/2, 

Z/^  X 
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Fig.  10 


Mean  Per  Cent  Correct  Responses  by  Rate  on  Task  I. 
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end  of  the  task.  Rate  2/4  offers  the  poorest  results  for  Task  I.  It  is 
unlikely,  however,  that  any  of  these  differences  would  be  statistically 
significant. 

Since  the  group  of  forty-five  subjects  recruited  for  this  study  achieved 
a mean  WAIS  vocabulary  score  of  12.  1,  which  is  considerably  above  average, 
it  was  thought  v/orthwhile  to  examine  the  effects  of  "IQ"  in  as  many  ways  as 
were  feasible.  The  correlations  reported  above  showed  that  "IQ"  correlated 
positively  with  high  per  cent  correct  scores  at  all  rates,  and  that  there  was 
very  little  difference  in  the  correlation  coefficient  among  rates.  The  analy- 
sis of  variance  for  four  replications  showed  no  differential  effect  of  rate 
among  the  more  successful  subjects.  In  order  to  approach  the  problem  from 
still  another  direction,  the  subjects  were  divided  into  two  groups  by  WAIS 
vocabulary  scores,  and  the  mean  per  cent  correct  responses  calculated 
separately  for  these  two  groups.  The  median  score  on  the  WAIS  vocabulary 
test  falls  in  the  middle  of  Scaled  Score  12.  There  seemed  no  valid  way  of 
separating  subjects  who  achieved  a scaled  score  of  12,  and  it  was  impossible 
to  produce  two  groups  of  the  same  number  of  subjects  because  the  total  group 
was  an  uneven  number.  Therefore,  the  subjects  were  divided  into  groups 
scoring  12  and  above  (N  = 24)  and  11  and  below  (N  = 21). 
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Per  Cent  Correct  Responses  by  Rate-- 
WV  Scores  IZ  and  Above 

(N  = 24--Fig.  11) 


2/2 

2/4 

2/6 

192  sec. 

23.  2 

23.  6 

18.  0 

384  sec. 

38.  3 

40.  3 

32.  5 

576  sec. 

49.  1 

51.  7 

42.  5 

Per  Cent 

Correct  Resp 

onses  b' 

WV 

Scores  11  and  Below 

(N  = 21--Fig. 

12) 

2/2 

2/4 

2/6 

192 

sec. 

11.9 

9.  3 

6.  6 

384 

sec. 

21.  8 

20.  6 

17.  0 

576 

sec. 

27.  4 

27.  8 

25.  9 

At  192  sec.  , rate  2/4  shows  a very  slight  superiority  for  the  high 
"IQ"  subjects,  and  rate  2/2,  a slight  superiority  for  low  "IQ"  subjects. 
This  pattern  recurs  at  384  sec.  At  576  sec.  , at  the  end  of  the  task, 
rate  2/4  is  best  for  both  groups.  Rate  2/6  appears  to  offer  inferior 
results  overall,  but  especially  for  low  "IQ"  subjects  after  192  sec.  and 
for  high  "IQ"  subjects  after  576  sec. 


Subjects  Who  Reached  Criterion 


According  to  the  design  of  the  study,  each  learning  task  was  con- 
sidered completed  when  the  subject  had  utilized  the  full  time  of  576  sec. 
or  when  a criterion  of  two  successive  completions  of  the  list  of  eight 
associates  was  achieved.  Of  a possible  total  of  135  such  successes, 
there  were  28  cases  wherein  criterion  was  reached.  These  cases  were 
produced  by  17  subjects;  8 subjects  reached  criterion  on  one  task,  7 
on  two  tasks,  and  2 on  all  three  tasks.  The  rates,  lists  and  orders 
involved  in  these  successful  tasks  are  listed  below: 
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Fig.  11.  Mean  Per  Cent  Correct  Responses  by  Rate--WAIS 
Vocabulary  Scores  Twelve  and  Above. 
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R&te  Z/2  A 
2/4  X 
2/6  0 


Fig.  12.  Mean  Per  Cent  Correct  Responses  by  Rate-“WAIS 
Vocabulary  Scores  Eleven  and  Below. 
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Rate 

Subjects  Read 

2/2 

12 

2/4 

11 

2/6 

5 

Lists 

A 

12 

B 

3 

C 

13 

Order 

I 

7 

II 

13 

ni 

8 

Since  these  28  cases  and  17  subjects  constitute,  in  effect,  a special 
class,  an  analysis  of  variance  was  run  for  results  by  rate.  It  must  be  j 
pointed  out  that  the  results  of  this  analysis  do  not  have  the  statistical  j 
legitimacy  of  those  analyses  performed  for  the  full  design,  and  that  the  j 
results  must  be  interpreted  with  care.  The  analyses  were  performed  | 
on  the  variables  "mean  time  in  seconds  to  criterion"  and  "mean  trials  j 
to  criterion."  Analysis  of  variance  for  unequal  numbers,  according  to 
Li,  was  used. 


Tasks  Wherein  Criterion  Was  Reached 
Analysis  of  Variance  for  Unequal  Numbers,  Li 


Mean  time 
in  seconds 


(T  = 28; 

df  = 2,  25 

—Fig.  13) 

2/2 

2/4 

2/6  F p 

(N  = 12) 

(N  = 11) 

(N  = 5) 

413.  3 

484.4 

537.6  3.54  <.05>.01 

Statistical  analysis  here  reveals  a significant  difference  among 
means  in  seconds  to  criterion.  Looking  at  the  raw  figures  above,  it 
is  obvious  that  rates  Z/Z  and  Z/4  produced  very  little  difference  in 


* 


ii 


•»fcl'--'r  "'‘'fi'q-N  „,rs  „ _ 

. '»  S4.  /' V''*j  r-f^v  ' 

* Jill  ’ 


"<5  '•  ’ '=•  “•y'^'W'  ' V*' 


- • ''■^’^'St''"  j^y'  ■' 


■■■  _ / 


' • ^-  ' ::  . .T.'  ^.- .•/•- •V-'-'T^.'.'* '•"  ..  3 

' *>  _ ^.fo9  .“  ’ S -.:'  •'  " 


'“^  '-  ' ' ■'  ' '•■  '^“'  --:  - -r77S>- 

*'^4*  ■t  i V''^.  .•..X\S:'*S^«i-1#’''!  >’s.)iiiilfc»yVSp-44“ 

^ !'  ’ P , ' ^ 

^-OI  , 5 

‘■^■' .',  ■ 


65 


numbers  of  successful  completions  of  the  task,  whereas  rate  Z/6  pro- 
duced less  than  half  the  absolute  number  of  successes  as  either  of  the 
other  rates.  According  to  the  Total  Time  Hypothesis,  one  would  ex- 
pect to  find  no  statistically  significant  difference  in  time  to  criterion,  | 
although  a difference  in  trials  to  criterion  would  be  expected.  Given 
the  fact  that  the  number  of  seconds  required  to  complete  one  trial 
varies  with  rate  (being  32  sec.  for  rate  2/Z,  48  sec.  for  rate  2/4,  and  ! 
64  sec.  for  rate  2/6),  it  was  decided  to  subtract  the  number  of  seconds  | 
for  one  trial  from  each  "mean  time  in  seconds"  listed  above.  The  j 

rationale  for  this  procedure  is  that  the  first  successful  completion  of  i 
the  list  indicates  that  it  has  been  learned,  while  the  second  completion  | 
merely  provides  a check.  This  check  is  obviously  necessary;  however,  I 
the  time  it  involves  is  not  necessarily  truly  learning  time.  Subtracting 
the  time  for  one  trial  at  each  rate  yields  the  following  analysis: 

Analysis  of  Variance  for  Unequal  Numbers,  Li 
(T  = 28;  df  = 2,  25--Fig.  13) 


2/2 

2/4 

2/6 

F 

P 

(N  = 12) 

(N  = 11) 

(N  = 5) 

Mean  time 

381. 3 

436.4 

473.  6 

2.  00 

NS 

in  seconds 


When  the  time  for  the  final  or  "check"  trial  is  subtracted  from  the 
means,  the  statistically  significant  F value  disappears. 

Trials  to  Criterion 

Analysis  of  Variance  for  Unequal  Numbers,  Li 
(T  = 28;  df  = 2,  25--Fig.  14) 

2/2  2/4  2/6  F p 

(N  = 12)  (N  = 11)  (N  = 5) 

Mean  #of  12.9  10.1  8.4  7.01  <.005 

trials 

Trials  to  criterion,  as  expected,  produces  a highly  significant  F 
value . 
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Fig.  13.  Mean  Time  to  Criterion  in  Seconds,  by  Rate.  Fig.  14.  Mean  Trials  to  Criterion  by  Rate. 
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Effects  of  List 

The  effects  of  the  variable,  "list,  " were  also  investigated. 


Per  Cent  Correct  Responses  by  List 
(N  = 45;  df  = 2,  72— Fig.  15) 


A 

B 

C 

F 

£ 

192 

sec . 

18.  3 

10.9 

18.  3 

5.  96 

< . 005 

384 

sec . 

32.  8 

19.  6 

34.  5 

17.  22 

< . 005 

576 

sec . 

42.  3 

27.7 

44.  2 

20.41 

< . 005 

Clearly,  the  list  effect  suggested  in  the  data  for  young  subjects  in 
the  preliminary  studies  has  proven  itself  to  be  more  than  an  artifact. 
List  is  highly  significant  at  each  time.  Inspection  of  the  means  indi- 
cates that  list  B is  considerably  more  difficult  than  either  of  the  other 
lists,  whereas  lists  A and  C differ  only  very  slightly. 


Number  Correct  on  Final  Learning  Trial,  by  List 
(N  = 45;  df  = 2,  72--Fig.  16) 


A 

B 

C 

F 

p 

Mean  # 

4.  7 

3.9 

5.  3 

00 

< . 005 

correct 

This  F value,  too,  is  significant  beyond  the  .01  level. 


Number  Correct  on  Recall,  by  List 
{N  = 45;  df  = 2,  72--Fig.  16) 


A 

B 

C 

F 

P 

Mean  # 

5.  7 

4.9 

5.9 

6.  18 

< . 005 

correct 
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List  A A 


Fig.  15.  Mean  Per  Cent  Correct  Responses,  by  List. 
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Per  Cent  Errors  of  Commission,  by  List 

(N  = 45;  df  = 2,  72--Fig.  17) 

A B C F p 

Mean  % 14,2  11.7  17.5  4.16  <.025  >.01 

errors  of 
commis  sion 

No  significant  interactions. 

This  comparison  is  interesting  because  it  shows  that  the  difficulty  of 
the  particular  list  may  affect  the  type  of  error  made.  Although  the  list  i 
effect  is  somewhat  less  here  than  elsewhere,  it  is  still  significant  at  ^ 
beyond  the  .025  level.  This  finding  may  tend  to  support  the  notion  that  | 
errors  of  commission  are  related  to  responsivity,  and  that  respon- 
sivity  is  related  to  the  difficulty  of  the  material. 

The  finding  of  significant  effects  of  list  is  ubiquitous  throughout  these 
data.  Since  the  counterbalancing  built  into  the  design  provided  for  each  sub- 
ject to  experience  the  list  effect  equally  and,  especially,  since  no  significant 
interactions  occur  in  any  of  these  analyses,  it  can  be  stated  with  some  as- 
surance that  the  list  effect  did  not  differentially  affect  subjects. 

The  magnitude  of  the  list  effect  was  greater  than  had  been  anticipated, 
even  considering  the  appearance  of  a list  effect  among  young  subjects  in  the 
preliminary  studies.  The  manner  in  which  the  response  words  and  stimulus 
letters  were  selected  has  already  been  described.  It  was  noted  that  the  words 
were  all  of  A or  AA  frequency  according  to  the  Thorndike-Lorge  list,  and 
that  each  list  contained  equal  numbers  of  five-  and  six-letter  words.  In- 
spection of  the  words  in  each  list  fails  to  reveal  any  obvious  suggestions  as 
to  the  reason(s)  for  the  difficulty  ot  list  B.  Therefore,  attention  was 
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F~LVdl  Tri^l  Q 


ABC 

List 


Fig.  16.  Mean  Correct  Responses  on  Final  Learning  Trial 
and  on  Recall,  by  List. 


r: 


ABC 

List 


Fig.  17.  Mean  Per  Cent  Errors  of  Commission,  by  List. 
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directed  to  possible  effects  of  the  consonant  pairs.  The  major  source  of  in- 
formation  with  regard  to  this  subject  was  Meaningfulness  and  Verbal  Learn- 
ing  (Underwood  &:  Schulz,  I960).  These  authors  reviewed  a large  number  of 
studies  dealing  with  the  effects  of  high  and  low  meaningfulness  of  stimulus 
and  response  items  in  verbal  learning  studies.  The  great  majority  of  such 
studies  (e.g.,  Cieutat,  Stockweli  & Noble,  1958;  Kimble  &:  Dufort,  1955; 
Sheffield,  1946)  indicated  that  differences  in  meaningfulness  of  stimulus 
items  produce  relatively  minor  changes  in  learning  rate  compared  to  differ- 
ences  in  meaningfulness  of  response  items.  In  most  studies,  difficulty  in 
learning  associates  increased  in  the  direction  HH,  L.H,  HL,  LL  (where  "H" 
refers  to  high  meaningfulness  and  "L"  to  low  meaningfulness;  and  where  the 
first  letter  refers  to  the  stimulus  and  the  second  to  the  response  item).  This 
would  tend  to  suggest  that  the  stimulus  pairs  are  an  unlikely  source  of  inter- 
ference with  learning“-at  least,  an  unlikely  source  of  an  effect  so  powerful 
as  that  found  in  the  present  study.  In  view  of  the  well-known  fact  that  elder- 
ly people  have  great  difficulty  with  material  of  low  meaningfulness  in  general, 
however,  it  does  not  seem  unreasonable  to  look  closely  at  the  stimulus  items. 

Underwood  and  Schulz  included  in  their  book  lists  of  frequencies  of 
single  letters  and  bigrams  used  in  written  material  in  the  English  language. 
These  authors  considered  a number  of  existing  lists  (including  the  Thorndike- 
Lorge  list)  as  well  as  a study  of  their  own  involving  15,  000  woids.  The  con- 
sonants and  consonant  pairs  used  for  stimuli  in  the  present  stu^'y  were  com- 
pared for  frequency  of  usage  with  the  Underwood  and  Schulz  data.  Frequency 
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of  use  of  the  single  letters  is  given  (here)  in  ranks;  that  is,  the  higher  the 
figure,  the  lower  the  frequency  of  use.  For  the  consonants  used  in  list  A, 
the  total  of  ranks  is  247;  for  list  B,  238;  for  list  C,  227.  Thus,  on  the  basis 
of  frequency  of  the  single  letters,  list  B obviously  does  not  present  a dis- 
advantage. When  the  consonant  pairs  are  considered,  however,  sonaething 
more  interesting  emerges.  Bigram  frequencies  in  the  Underwood  and  Schulz 
list  are  given  in  absolute  frequencies  rather  than  in  ranks,  and  the  totals  for 
lists  A and  C appear  to  be  considerably  higher  than  that  for  list  B.  Perhaps 
of  even  greater  importance,  lists  A and  C each  contain  two  bigrams  (CJ  and 
MV  in  list  A;  XD  and  HC  in  list  C)  which  are  not  given  at  all  in  the  Under- 
wood and  Schulz  list.  These  bigram  frequencies  are  based  on  a random 
sample  from  the  Thorndike -Lorge  list  and  on  the  above-mentioned  Under- 
wood list  of  15,  000  words.  Thus,  the  four  bigrams  listed  above  for  lists  A 
and  C do  not  appear  at  all  in  English  among  the  words  which  produced  the 
Underwood  and  Schulz  tables.  Thus,  they  would  be  very  low  in  familiarity 
and,  hence,  low  in  meaningfulness  as  well.  List  B contains  five  such  un- 
familiar bigrams  in  a total  of  eight.  Thus,  list  B contains  more  than  twice 
the  number  of  stimulus  items  of  low  meaningfulness  as  does  either  of  the 
other  lists . 

It  seems  likely  that  the  stimulus  bigrams  in  list  B account  for  the 
greater  part  of  the  difficulty  of  this  list,  even  taking  into  account  the  fact 
that  low  meaningfulness  among  stimulus  items  is  ordinarily  not  a source  of 
great  variation  in  learning  studies.  Fortunately,  the  counterbalancing  built 
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into  the  design  makes  it  unnecessary  to  question  other  results  obtained  in 
the  study  because  of  the  list  effect. 


Effects  of  Order 

The  following  findings  resulted  from  investigation  of  the  variable, 
“order”: 


Per  Cent 

Correct  Responses, 

by  Order 

(N  = 

45;  df  = 2,  72- 

-Fig. 

18) 

n 

m 

F 

P 

192 

sec . 

14.  8 

15.2 

17.5 

. 70 

NS 

384 

sec . 

25.4 

30.  5 

31.  1 

2.49 

NS 

576 

sec. 

33.  2 

40.2 

40.  8 

4.49 

< . 025>  01 

No  significant  interactions. 

Order  does  not  produce  statistically  significant  differences  in  means 
at  192  sec.  or  at  384  sec.  After  576  sec.,  however,  an  order  effect  is 
apparent.  This  is  to  be  expected- -it  is  the  familiar  "practice  ^effect.  ” 


Number  Correct  on  Final  Learning  Trial,  by  Order 

(N  = 45,  df  = Z,  72--Fig.  19) 

I II  III 

Mean#  3.8  5.1  5.0 

correct 

No  significant  interactions. 

Order  again  produces  a statistically  significant  effect  for  number 
of  correct  responses  on  the  final  learning  trial  of  a task  Again,  this 
is  not  unexpected. 
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Fig.  18 


Mean  Per  Cent  Correct  Responses,  by  Order. 
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Number  Correctly  Recalled,  by  Order 
(N  = 45;  df  = 2,  72--Fig.  19) 


1 

II_ 

m 

F 

P 

Mean  # 

4.  7 

5.8 

6.  1 

16.  01 

< . 005 

correct 


No  significant  interactions. 

As  expected,  the  order  effect  shows  up  most  strongly  on  the  recall 
task.  Subjects  were  not  informed  before  the  first  learning  task  that 
they  would  be  required  to  do  the  matching  task  at  the  end  of  the  learn- 
ing period;  hence,  it  would  be  expected  that  they  might  do  less  well  the 
first  time  this  was  demanded  of  them.  Inspection  of  the  means  shows 
clearly  that  there  was  considerable  improvement  between  tasks  I and 
II,  and  a much  smaller  increase  in  number  of  correct  answers  between 
tasks  II  and  III. 


Per  Cent  Errors  of  Commission,  by  Order 

(N  = 45;  df  = 2,  72--Fig.  20) 

I n III 

Mean  % 17.3  12.4  13.7 

errors  of 
commis  sion 

No  significant  interactions. 

Order  produces  a statistically  significant  effect  on  the  ratio  of 
omission  to  commission  errors.  This  effect  seems  to  operate  in  the 
opposite  direction  from  that  of  "list,  " however.  Task  I,  which  might 
be  expected  to  be  the  most  difficult  of  the  three,  since  it  involves 
learning  the  task  as  well  as  the  stimuli,  produces  the  highest  per- 
centages of  commission  errors. 
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trial  Trial  EZ 


Order 

Figo  19.  Mean  Correct  Responses  on  Final  Learning 
Trial  and  on  Recall,  by  Order. 


Fig.  20.  Mean  Per  Cent  Errors  of  Commission,  by  Order. 
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Discus  sion 

As  early  as  1938,  Lorge,  in  reanalyzing  data  from  a study  on  decline 
of  intellectual  abilities  with  age  by  Jones  and  Conrad  (1933),  reported  that 
intellect  appeared  to  decline  in  these  subjects  because  of  the  speeded  nature 
of  the  tasks.  Numerous  studies  have  been  referred  to  above,  most  of  them 
dealing  with  verbal  materials,  which  show  older  people  to  be  disadvantaged  I 
by  the  necessity  of  doing  tasks  under  paced  conditions.  The  same  effect  ap- 
pears in  many  of  the  studies  reported  in  Welford's  book  (1958),  where  the 
nature  of  the  experimental  tasks  was  quite  different.  Brown  (1957),  for  ex-  I 
ample,  performed  a study  which  required  the  subject  to  plot  the  position  of 

I 

a ball  on  a grid.  The  study  had  been  done  previously  comparing  old  and 
young  subjects  on  accuracy  and  on  time  required  to  complete  the  task.  This  | 
time  a new,  paced  condition  was  added.  Subjects  learned  under  both  paced 
and  unpaced  conditions.  In  the  paced  condition,  if  the  subject  had  not  plotted  i 
the  position  of  the  ball  within  8 sec.  (a  time  found  comfortable  for  young 
subjects  in  the  earlier  study  but  less  than  the  average  time  required  by  old 
subjects),  the  ball  moved  to  a new  position,  requiring  a new  plotting  task. 
Subjects  worked  for  10  min.  at  either  the  paced  or  unpaced  condition  and 
then  switched  to  the  other  condition.  In  general,  it  seemed  that  there  was  a 
severe  effect  of  pacing  on  subjects  in  their  fifties  and  over.  In  addition,  how- 
ever, it  was  found  that  old  subjects  who  learned  first  under  the  paced  condi- 
tion performed  less  well  under  the  unpaced  condition  than  did  those  who 
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learned  without  pacing  first.  Accuracy,  as  well,  fell  off  under  the  paced 
condition.  Considering  the  entire  age  range  covered  in  this  experiment  (ZO- 
70),  performance  fell  off  sharply  a full  decade  earlier  under  the  paced  con- 
dition. 

Welford  also  reported  on  the  effects  of  pacing  in  industry,  dividing 
“paced”  tasks  into  two  major  categories.  In  the  first,  performance  was 
rigidly  paced  ”in  the  sense  that  operatives  were  compelled  to  keep  up  with  a 
machine  or  conveyor -line  and  to  complete  each  cycle  within  a fixed  average 
time  (1958,  p.  114).”  In  the  second  category,  the  pace  of  work  itself  was 
flexible,  but  there  was  time  pressure  in  the  sense  that  payment  was  for 
piece  work.  It  was  found  that  the  mean  ages  of  people  working  at  jobs  in- 
volving time  stress  tended  to  fall,  whether  the  older  workers  were  trans- 
ferred to  different  tasks  because  they  were  unable  to  keep  up,  or  because 
they  left  of  their  own  accord. 

It  has  frequently  been  said  that  older  workers  often  make  up  for  loss 
of  speed  by  increasing  accuracy.  With  fast  pacing,  the  care  required  for  a 
high  level  of  accuracy  may  become  too  great  a burden  on  the  older  worker. 
Welford  referred  to  work  of  Conrad  and  Hille  (1955)  wherein  the  authors 
made  the  point  that  the  time  required  to  complete  a given  task  forms  a dis- 
tribution around  the  mean.  A worker  will  speed  up  or  slow  down  his  per- 
formance from  time  to  time.  If  the  work  is  stringently  paced,  however,  he 
will  not  be  able  to  make  up  the  time  lost  during  his  "slow”  cycles  when  he  is 
working  faster:  "As  the  time-limit  is  shortened,  or  the  average  time  taken 
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by  subjects  becomes  greater,  so  more  of  the  'slow'  tail  will  fall  outside  of 
the  prescribed  limit  unless  either  the  subject  can  in  some  way  speed  up  the 
slow  cycles,  or  the  pacing  is  not  quite  rigid  so  that  a slow  time  in  one  cycle 
can  be  redeemed  by  a quick  time  later.  " 

The  present  study  showed  no  significant  negative  effect  of  fast  pacing 
on  a paired  associates  learning  task  involving  only  aged  subjects.  These 
conclusions  are  contrary  to  what  might  have  been  expected  from  perusal  of 
the  literature.  In  order  to  explain  this,  it  will  be  necessary  to  see  how  this 
study  differs  from  others,  the  results  of  which  were  very  differently  inter- 
preted. 

The  usual  paradigm  for  a verba.1  learning  study  involves  presenting 
material  to  be  learned  for  a predetermined  number  of  trials  or  until  Ihe  sub- 
ject reaches  a predetermined  criterion.  We  also  used  a criterion  as  a cut- 
off point,  but  found  that  most  of  our  old  subjects  did  not  reach  it.  In  any 
event,  in  the  usual  verbal  learning  study,  it  is  number  of  exposures  of  stim- 
uli that  is  kept  constant.  In  the  present  study,  the  constant  is  time.  In 
order  to  see  what  our  results  would  have  been  had  we  used  the  more  common 
paradigm,  we  analyzed  the  results,  in  terms  of  number  of  correct  responses, 
after  nine  trials  at  each  rate.  Nine  trials  was  chosen,  of  course,  because 
this  was  the  maximum  mimber  of  trials  available  under  the  Z/6  condition. 

This  analysis  was  done  for  the  45  old  subjects  in  the  full  study  and  for  the  10 
young  subjects  in  the  preliminary  study.  We  cannot,  of  course,  compare 
these  groups  statistically  with  any  validity,  but  we  can  observe  the  results. 
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bearing  the  differences  between  groups  in  mind. 

Number  Correct  Responses  after  Nine  Trials,  by  Rate  (Old) 

(N  = 45;  df  = 2,  132--Fig.  21) 

2/2  2/4  2/6  F 

Mean#  15,9  21.8  22.3  2.95 

correct 

(.0  5 value  for  F with  df  2,  120  = 3.  07 18) 

(.05  value  for  F with  df  2,  oo  = 2.9957) 


P 

NS 


Number  Correct  Responses  after  Nine  Trials,  by  Rate  (Young) 


(N  = 10;  df  = 2,  27--Fig.  21) 


2/2 

2/4 

2/6 

F 

P 

Mean  # 

48.4 

48.  1 

51.5 

. 34 

NS 

correct 


The  F value  for  old  subjects  is  not  statistically  significant.  How- 
ever, by  inspection  of  the  means  we  see  that  rates  2/4  and  2/6  differ 
very  little,  while  they  both  show  considerable  superiority  over  rate 
2/2.  Furthermore,  noting  how  low  the  means  are  at  all  rates  (there 
are  64  possible  correct  responses  after  nine  trials  at  each  rate),  we 
are  led  to  speculate  that  nine  trials  are  simply  not  enough  for  these 
subjects.  The  more  usual  paradigm  is  likely  to  involve  something  on 
the  order  of  15  trials.  The  F value  found  here  closely  approaches  the 
5%  level  of  significance;  had  there  been  a larger  number  of  trials,  it 
is  probable  that  we  would,  indeed,  find  statistically  significant  differ- 
ences . 

Considering  the  young  subjects,  we  find  mean  numbers  of  correct 
responses  to  be  relatively  much  higher  and  the  F value  to  be  quite  low. 
Here,  the  pacing  seems  to  have  had  very  little  effect.  If  the  means  in- 
dicate any  difference  at  all,  it  occurs  between  rates  2/4  and  2/6  rather 
than  between  rates  2/2  and  2/4,  as  is  the  case  with  the  older  subjects. 
The  higher  mean  at  2/6  for  young  subjects,  however,  is  as  likely  to  be 
a result  of  greater  total  time  as  a result  of  the  duration  of  the  presen- 
tation. 
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The  above  analysis  indicates,  then,  that  if  the  present  study  had  held 
trials  rather  than  time  constant,  as  is  usually  done,  our  results  would  be 


consonant  with  those  which  preponderate  in  the  literature.  Taking  note  of 
this,  we  will  now  look  more  closely  at  the  results  of  the  present  study, 
where  time,  rather  tha.n  trials,  is  held  constant.  For  convenience,  we  will 
again  present  all  the  results  by  rate  in  a single  summary. 

Summary  of  Effects  of  Rate 


Per  Cent  Correct  Responses 


2/2 

2/4 

2/6 

F 

E 

192  sec. 

17,9 

16.  9 

12.  7 

2.  55 

NS 

384  sec. 

30. 6 

31.  1 

25.  3 

2.  69 

NS 

576  sec . 

39.0 

40.  5 

34.  8 

2.  26 

NS 

Per  Cent  Correct  Responses- 

-Four 

Replications 

2/2 

2/4 

2/6 

F 

P 

192 

sec . 21.2 

20.  1 

14.  6 

1. 85 

NS 

384 

sec . 35.6 

35.  2 

28.0 

2.  64 

NS 

576 

sec.  45. 2 

45.  6 

38.  1 

2.  50 

NS 

Per  Cent  Correct  Responses- 

-Three  Replications 

2/2 

2/4 

2/ 6 

F 

P 

192  sec.  22. 4 

:.1.0 

17. 2 

.97 

NS 

384  sec . 37.7 

3b.  9 

30.7 

1. 32 

NS 

576  sec.  48. 2 

17 . 2 

40.  9 

.93 

NS 
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Pe 

r Cent  Correct  R< 

ssponses 

“-Nine  Low  Subjects 

2/2 

2/4 

2/6 

192 

sec . 

5.  0 

4.  2 

4.9 

384 

sec. 

10.  5 

14.  5 

14.4 

576 

sec. 

14.  1 

20.2 

21.5 

Per 

Cent  Correct  Res 

ponses 

Eighteen 

Low  Subjects 

2/2 

2/4 

2/6 

192 

sec. 

11.3 

10.9 

5.9 

384 

sec . 

20.  0 

22.3 

17.  1 

576 

sec. 

25.  2 

30.6 

25.  6 

Number  Correct 

on  Final 

Learnin 

g Trial 

2/2 

2/4 

2/6 

F 

P 

4.6 

4.9 

4.4 

1.  21 

NS 

Number  < 

Correct  on  Recall 

2/2 

2/4 

2/ 6 

F 

P 

5.4 

5.4 

5.9 

1.72 

NS 

Per  Cent  Ei 

•rors  of ( 

Dommiss 

ion 

2/2 

2/4 

2/6 

F 

P 

13.  2 

14.  2 

15.  6 

. 86 

NS 

84 


Per  Cent  Correct  Responses  on  Task  I 


2/2 

2/6 

192  sec . 

18.  0 

12.  8 

13.  8 

384  sec. 

28.  2 

21.4 

26.7 

576  sec. 

35.  6 

29.2 

35.  0 

Per  Cent 

Correct  Res 

ponses 

--WV  Scores  12  and  Above 

2/2 

ll± 

2/6 

192  sec. 

23.  2 

23.  6 

18.0 

384  sec. 

38. 3 

40.  3 

32.  5 

576  sec . 

49.  1 

51.7 

42.  5 

Per  Cent  Correct  Res 

ponses 

--WV  Scores  11  and  Below 

2/2 

2/4 

2/6 

192  sec. 

11.9 

9.3 

6.6 

384  sec. 

21.8 

20.6 

17.0 

576  sec . 

27.4 

27.8 

25.  9 

Mean  Time 

in  Seconds  to  Criterion 

2/2 

2/4 

2/6  F 

413.  3 

484.4 

537.6  3.54  <.  1 

Mean  Time  in  Seconds --Criterion  Minus  One  Trial 

2/2 

ll± 

2/6  F 

381.  3 

4? 6.  4 

473.6  2.00 

P 

NS 
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Trials  to  Criterion 


2/2  2/4  2/6 


F 


£ 


12.9 


10.  1 


8.4 


7.01  <.005 


Correlations  Between  WV  Score  and  Per  Cent 
Correct  Responses  Total 


Total 


Rho 

Tau 


.53p<.01  .53p<.01  .48p<.01  .59p<.01 

.39p<.05  .39  p<.05  . 34  p < . 05  .43  p<.05 


Listed  above  are  the  mean  per  cent  correct  responses  by  rate  for  all 
subjects,  for  four  replications,  for  three  replications,  for  the  nine  and 
eighteen  subjects  dropped  for  the  last-named  two  analyses,  for  performance 


on  Task  I,  and  for  subjects  with  WAIS  vocabulary  scores  12  and  above  and 
11  and  below.  In  each  case,  the  highest  mean  for  a given  analysis  is  under- 
lined. It  will  be  seen  that  in  no  case  except  for  seconds  and  trials  to  cri- 
terion was  a statistically  significant  effect  of  rate  found.  Examining  the 
means,  the  following  trends  are  suggested: 

1.  If  the  learning  task  had  ended  at  192  sec. , rate  2/2  would  show  a 
trend  toward  superiority  overall  with  only  one  exception--that  for  subjects 
with  WAIS  vocabulary  scores  12  and  above.  The  superiority  of  rate  2/2  at 
this  point  is  probably  the  result  of  the  greater  number  of  exposures  of  the 
stimuli. 

2.  After  384  sec.,  rate  2/?  produces  higher  means  in  four  of  eight 
cases,  and  rate  2/4  in  the  other  four.  The  differences  among  means  are 
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generally  quite  small,  and  do  not  seem  to  fall  into  any  clear-cut  pattern  that 
Enight,  for  example,  suggest  differential  effects  of  rate  for  "good"  and  "poor" 
learners . 

3.  After  576  sec.,  or  at  the  end  of  the  learning  task,  rate  Z/4  pro- 
duces the  highest  means  in  five  cases,  rate  2/2  in  two  cases,  and  rate  2/6 
in  one  case.  Again,  the  differences  among  means  are  often  miniscule.  The 
striking  fact  here  is  that  rate  2/6  produces  the  best  results  in  only  one  of  24 
cases -“that  of  the  nine  subjects  after  576  sec.  Differences  between  rates 
2/2  and  2/4  are  usually  both  so  small  and  so  lacking  in  pattern  as  to  suggest 
tthat  either  of  these  rates  will  produce  approximately  the  same  results. 

4.  Rate  2/6  produces  a slightly  higher  number  of  correct  responses 
on  recall,  and  a slightly  higher  per  cent  errors  of  commission. 

The  above  summary  of  rate  results  presents  two  questions:  What  can 
explain  the  general  superiority  of  rates  2/2  and  2/4;  and  what  can  explain 
the  inferiority  of  rate  2/6?  The  most  obvious  difference  between  the  rates 
which  has  bearing  on  this  point  is  the  greater  number  of  exposures  of  the 
:stimuli  at  the  faster  speeds.  Bearing  in  mind  Conrad  and  Hille's  (1955)  re- 
marks with  regard  to  an  individual's  speed  of  performance  varying  about  a 
mean,  and  particularly  their  suggestion  that  slowness  at  one  point  may  be 
compensated  for  at  another  point  when  pacing  is  not  rigid,  we  may  venture 
a.n  analogy.  Although  it  is  obviou..  that  a subject  who  fails  to  learn  a stimu- 
lus the  first  time  around  (or  the  second  or  the  third)  has  effectively  "lost" 
that  trial,  perhaps  repetition  (more  exposures)  can  provide  the  same  sort  of 
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redeeming  effect  one  finds  where  pacing  is  flexible.  This  argument  is  given 
some  credence  by  the  almost-overall  superiority  of  rate  Z/Z  after  19Z  sec. 
At  this  point,  the  stimuli  had  been  exposed  six  times  at  rate  Z/Z,  four  times 
at  rate  Z/4,  and  three  times  at  rate  Z/6.  If  this  were  the  entire  explanation, 
however,  we  would  expect  to  find  the  means  at  rate  Z/Z  to  be  twice  as  large 
as  the  means  at  rate  Z/6  at  all  three  points  measured.  Rate  Z/4  "catches 
up"  with  rate  Z/Z  after  384  sec.  , however,  and  at  no  point  are  the  differ- 
ences among  the  means  strictly  proportional  to  the  numbers  of  exposures. 
Thus,  an  interaction  between  number  of  stimulus  exposures  and  time  per  se 
probably  takes  place. 

With  regard  to  the  inferiority  of  rate  Z/6,  we  are  reminded  of  Cane- 
strari's  (1965)  remarks  concerning  "momentary  lapses  of  attention"  in 
elderly  subjects.  Canestrari  was,  in  this  context,  inferring  erasure  caused 
by  fresh  stimulus  input  before  the  previous  information  has  been  firmly 
registered.  This  would  manifestly  not  be  the  case  here,  since  the  fresh  in- 
put is  arriving  more  slowly  rather  than  faster.  It  may  be,  however,  that 
"momentary  lapses  of  attention"  work  in  the  opposite  direction  as  well--that 
the  subject  may  experience  such  lapses  when  the  time  is  too  long  as  well  as 
when  it  is  too  short.  A subject  staring  for  six  seconds  at  a slide  bearing 
two  consonants,  a dash  and  a two-syllable  word  might  become,  in  effect,  so 
bored  that  his  attention  wanders  to  something  more  interesting.  This  might 
occu"  especially  in  those  subjects  who  are  having  difficulty  with  the  task  in 
general,  and  who  feel  that  there  is  little  point  in  trying.  For  "good" 
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learners,  the  6-sec.  rate  might  result  in  a great  deal  of  "dead"  time  with  no 
learning  occurring.  These  subjects,  however,  might  have  already  learned 
a goodly  proportion  of  the  material  and  might  be  able  to  hold  it  in  memory 
even  while  their  attention  wandered.  It  will  be  remembered  that  all  respon- 
ses take  place  during  the  2-sec.  stimulus  time  (rather  than  the  variable 
stimulus -response  time).  This  period  is  short  enough,  and  the  demands  of 
the  task  definite  enough,  for  attention  to  be  less  likely  to  be  diverted  here. 
Canestrari  referred  to  a hypothetical  and  randomly  distributed  attention 
lapse.  We  are  considering  the  possibility  of  a different  sort  of  lapse  of  at- 
tention which  is  directly  related  to  the  long  exposure  rate.  The  effect,  how- 
ever, would  seem  similar. 

Considering,  then,  the  work  already  in  the  literature  regarding  the 
negative  effects  of  fast  pacing  for  older  subjects,  and  the  information  gleaned 
from  the  present  experiment,  it  appears  that  fast  pacing  does  provide  a dis- 
advantage under  certain,  but  not  all,  conditions.  If  pacing  is  fast  and  rigid 
and  there  is  no  opportunity  to  make  up  for  information  "lost"  during  a trial 
wherein  the  subject  has  not  grasped  it,  then  his  performance  suffers.  If, 
however,  total  time  for  different  rates  is  held  constant,  the  subject  has  op- 
portunities to  redeem  his  losses.  Conversely,  when  pacing  is  slow  (with 
the  time  allowed  for  responses  held  constant),  the  subject  has  fewer  oppor- 
tunities--fewer  exposures  of  the  material  to  be  learned--to  make  up  for 
what  he  misses  the  first  few  times  around.  He  also  has  more  "dead"  time. 
The  6 sec.  available  for  learning  a particular  pair  is  valuable  only  until  that 
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pair  has  been  learned.  Once  this  has  occurred,  the  subject  may  spend  the 
extra  time  in  rehearsal  of  the  material  which  is  as  yet  imperfectly  learned. 
The  present  data  suggest,  however,  that  either  this  is  not  the  way  the  time 
is  used  or  that  the  attempt  is  unsuccessful.  Probably  both  circumstances 
occur. 

There  are  a few  studies  scattered  throughout  the  literature  on  pacing 
and  performance  in  older  people  which  suggest,  as  does  the  present  study, 
that  fast  pacing  does  not  necessarily  place  these  subjects  at  a disproportion- 
ate disadvantage.  For  example.  Heron  and  Chown  (1967)  reported  that  older 
subjects  in  a test  of  dynamic  visual  acuity  do  not  find  the  faster  speeds  re- 
latively more  difficult  than  the  slower  speeds.  Griew  (1959),  in  a reaction 

I 

time  study,  found  that  when  the  signal  was  given  for  a very  short  time,  the 
older  person's  reaction  time  was  improved  whereas  that  of  the  younger  per- 
son was  unchanged.  Griew  felt  that  this  finding  indicated  that  older  people 
can  react  quickly  when  they  must.  Semeonoff  and  Trist  (1958)  gave  the 
Progressive  Matrices  with  a 20 -min.  and  a 40 -min.  time  limit  and  re- 
ported that  men  over  45  "appeared  to  make  relatively  better  use  of  the  time 
allowed  than  younger  ones.  " Semeonoff  and  Trist  were  dealing  with  only 
high  IQ  subjects  and  had  few  subjects  over  45,  and  these  factors  must  be 
taken  into  account  in  interpreting  their  data.  Heron  and  Ghown,  however, 
gave  the  Progressive  Matrices  under  similar  conditions  and  fcund  similar 
results.  Heron  and  Ghown  did  not  inform  their  subjects  that  time  was  a con- 
sideration--rather,  they  allowed  40  min.  for  each  subject  to  complete  the 
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test,  but  made  note  of  the  score  after  20  min.  as  well  as  after  40  min.  They 
reported  a product -moment  correlation  of  .92  between  20-min.  and  40-min. 
scores,  and  reported  that  older  subjects  seemed  to  make  less  use  of  the 
extra  20  min.  than  did  younger  ones.  Heron  and  Chown  stated  that  their 
findings  suggested  that 

. . . the  effect  on  the  old  of  an  imposed  but  unmentioned  time  limit  may 
not  be  a universal  one  of  penalty,  nor  as  drastic  as  people  have  common- 
ly suggested.  Nevertheless,  at  most  levels  of  "power"  there  is  a distinct  j 
likelihood  that  older  people  will  make  larger  gains  in  extra  time  than  will 
younger  ones.  . . . and  would  be  underestimated  by  the  twenty  minute 
test  given  with  "untimed"  instructions. 

In  a digit  coding  task,  the  same  authors  gave  the  test  with  both  timed  and  un- 
timed instructions.  There  was  a high  correlation  between  methods  ( r = .898 
for  males  and  .927  for  females).  Even  so,  a "small  but  significant"  nega-  j 

I 

tive  correlation  remained  between  speeded  performance  and  age  when  un- 
speeded performance  was  held  constant  through  statistical  manipulation. 

The  authors  say  that  older  people  do  relatively  less  well  than  do  younger 
ones  under  instructions  to  work  as  quickly  as  possible  compared  with  in- 
structions which  do  not  emphasize  speed.  These  findings  suggest  to  the  pre- 
sent writer  that  the  awareness  of  the  need  to  work  quickly  may  well  be  as 
important  a factor  in  the  older  person's  relatively  poorer  performance  under 
such  conditions  as  the  pacing  itself. 

All  the  above  findings  seem  to  direct  our  attention  to  the  concept  of 
task  difficulty.  It  will  be  remembered  that  Szafran  (1963)  found  that  per- 
formance among  his  older  pilots  deteriorated  only  under  conditions  of 
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"information  overload,  " and  that  Welford  (1958)  reported  that  age  differ- 
ences show  up  in  situations  which  require  alternation  between  taking  in  in- 
formation for  retention  and  recalling  information  for  the  making  of  respon- 
ses. Talland  (1968)  reported  that  "demanding  operations  of  discrimination 
and  choice"  put  the  aged  at  a disadvantage.  It  has  frequently  been  suggested 
that  the  disadvantage  for  aged  subjects  is  increased  as  the  performances 
required  of  them  become  more  complex. 

Birren  (1964),  in  discussing  old  and  young  subjects,  reported,  "Gen- 
erally, the  young  adult,  who  has  a large  capacity  for  the  rapid  intake  of  in- 
formation, is  limited  largely  by  differential  familiarity  or  practice.  He  is 
fast  or  slow  depending  on  the  difficulty  of  the  material  he  is  dealing  with.  " 

I 

Birren  goes  on  to  say  that  a general  quality  of  slowness  appears  among  older 
people  which  is  unrelated  to  differential  practice  or  familiarity.  We  do  not 
question  this  generalized  slowing,  but  suggest  that  the  same  effect  of  task 
difficulty,  whether  from  lack  of  familiarity  with  the  material  or  from  in- 
creased complexity  of  the  task,  or  from  other  sources,  may  not  only  have 
the  same  effect  upon  older  as  upon  younger  subjects,  but  that  the  older  sub- 
jects may  be  differentially  affected  by  increasing  task  difficulty.  The  notion 
of  familiarity  with  the  materials  may  be  especially  important  here,  since 
the  typical  older  subject  is  much  farther  in  time  from  practice  with  such 
tasks  as  are  usual  in  laboratory  studies  than  the  typical  younger  subject- - 
usually  a college  student. 

Heron  and  Chown  (1967)  used  Reitan's  Trail-Making  Test  as  a part  of 
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their  battery.  They  found  that  "Performance  in  the  "alternation"  letter  and 
number  half  of  the  test  declines  more  with  age  than  in  the  first  half  for  which 
the  subject  only  has  to  connect  numbers  in  sequence."  This  seems  to  be  a 
clear  case  of  task  difficulty  (or  complexity)  producing  a relatively  greater 
negative  effect  upon  performance.  The  Trail -Making  Test  is,  of  course, 
timed;  and  the  subject  is  requested  to  complete  the  task  as  quickly  as  pos- 
sible. The  final  score  is  derived  from  the  times  taken  for  the  two  halves  of 
the  test.  As  Heron  and  Chown  found,  the  more  complex  second  half  contri- 
buted disproportionately  to  lower  scores  (longer  time)  for  older  subjects. 

Birren  (1964)  reported  other  findings  which  may  have  relevance  to  i 

c 

task  difficulty.  For  example,  he  stated  that  older  persons  were  more  af- 

i 

fected  by  the  introduction  of  irrelevant  materials  than  were  young  adults. 
Later,  he  stated,  ".  . .it  would  be  expected  that  old  and  young  individuals 
will  differ  more  in  the  speed  of  complex  than  of  simple  tasks.  " In  reporting 
the  results  of  a study  on  addition  and  subtraction  wherein  subjects  completed 
either  addition  or  subtraction  problems,  or  were  required  to  alternate  be- 
tween the  two,  he  said,  "While  these  results  seem  to  indicate  that  adults  over  I 
the  age  of  sixty-five  show  less  facility  in  alternating  tasks  rapidly,  the  age 
difference  in  speed  of  alternating  was  less  than  the  difference  in  speed  asso- 
ciated with  task  difficulty  (in  this  case,  problem  length).  " 

The  results  of  the  present  study  indicate  that  the  effects  of  fast  pacing 
may  not  always  be  negative,  and  that  the  total  amount  of  time  involved  in  a 
particular  learning  task  is  an  additional  variable  which  must  be  taken  into 
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account.  The  data  further  suggest  that  a slow  pace  is  not  necessarily  better; 
in  these  data,  the  slowest  pace  generally  produces  the  poorest  performance. 
We  suggest  that  fast  pacing  (and,  especially,  the  awareness  of  the  need  for 
speed)  may  reflect  not  only  the  effects  of  generalized  slowing  in  an  aging 
organism,  but  may  also  be  one  of  a number  of  variables  which  might  all  be 
subsumed  under  the  broader  concept  of  task  difficulty.  Fast  pacing  in  verbal 
learning  tasks  has  been  demonstrated  (in  the  many  studies  reported  above  as 
well  as  in  the  present  comparison  of  performance  at  different  rates  with 
number  of  exposures  held  constant)  to  increase  the  difficulty  of  the  task  to 
a disproportionate  degree  among  aged  persons.  With  time  held  constant, 
however,  the  present  data  would  tend  to  suggest  that  the  repetition  involved 
in  the  greater  number  of  stimulus  exposures  at  the  faster  rates  cancels  out 
the  effect  of  fast  pacing  itself.  Furthermore,  a slow  pace  (in  the  present 
study),  even  though  it  is  a pace  within  the  range  utilized  in  many  previous 
experiments,  does  not  necessarily  provide  an  advantage  when  another  vari- 
able, time,  is  held  constant.  We  suggest,  therefore,  that  the  effects  of 
pacing  might  well  be  re-examined  with  attention  directed  to  time,  complexity 
of  the  task(s),  and  other  factors  (e,g.,  meaningfulness  of  the  material; 
familiarity  with  the  type  of  task,  practice)  which  contribute  to  the  general 
category  of  difficulty. 
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Appendix  I 

SAMPLE  SCORING  SHEETS 
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trial 


A 


Combination  ABC/246 


OPDER 


ABC 
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hate  2:2 

DATE 


1 

CJ 

- 

t fp-xAM 

2 

PL 

- 

ROB  If! 

3 

K5 

- 

PERSON 

4 

XH 

- 

SEVEN 

5 

^•V 

- 

npOER 

6 

S9 

- 

HIJMOP 

7 

- 

DOCTOR 

8 TZ 

- 

natiom 

9 

MV 

- 

ORDER 

10 

KG 

- 

PERSON 

11 

DL 

- 

ROBIN 

12 

CO 

- 

MOMAI! 

13 

sn 

- 

nunop 

14  TZ 

- 

NATION’ 

15 

XI! 

- 

ORDER 

16 

HP 

- 

nOCTOP 

17 

TZ 

- 

NATION 

18  SO 

- 

HUMOR 

19 

KB 

- 

PERSON 

20 

XII 

- 

SEVEN 

21 

CO 

- 

MOM  AN 

22  'IV 

- 

ORDER 

23 

DL 

- 

ROBIN 

24 

OF 

DOCTOR 

25 

TZ 

- 

NATION 

26 

KB 

- 

PERSON 

27 

CO 

- 

MOMAN 

28 

‘'.ip 

- 

DOCTOR. 

29 

DL 

- 

ROBIN 

30 

XH 

- 

SEVEN 

31 

Sn 

- 

HUMOR 

32 

MV 

- 

OPDER 

33 

CO 

- 

MOMAN 

34  TZ 

- 

NATIOf] 

35 

DL 

- 

ROBIN 

36 

■ 0/ 

- 

ORDER 

37 

HP 

- 

DOCTOR 

38 

XH 

SEVEN 

39 

sn 

- 

MU’^OR 

40 

KB 

- 

RERSON 

6 trials 
192" 
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DATE 


97 


A 2 


ORDER  ^BC 

miE 


1 

CJ 

- 

2 

DL 

- 

ROBiri 

3 

KS 

- 

PERSON 

4 

XH 

- 

SEVEN 

5 

- 

order 

6 

SO 

- 

HU’iOP 

7 

- 

DOCTOR 

8 TZ 

- 

HATIOi! 

9 

o.V 

- 

ORDER 

10 

KC 

- 

RERSOri 

n 

DL 

Room 

12 

C.l 

- 

MOHAH 

13 

SO 

«* 

HUPFOR 

14  TZ 

- 

nATIO'’ 

15 

XH 

- 

ORDER 

16 

HF 

- 

nocTOP 

17 

TZ 

- 

HAT I OH 

18 

SO 

- 

HUHOR 

19 

KB 

- 

repsom 

20 

XH 

~ 

SEVEN 

21 

CO 

- 

HO’^Ar! 

22 

MV 

- 

order 

23 

DL 

- 

Rnoiri 

24 

OF 

- 

DOCTOR 

25 

TZ 

- 

HATIOH 

26 

KB 

- 

PERSON 

27 

CO 

- 

HOHAN 

28 

'■!F 

- 

ROCTOR 

29 

DL 

- 

ROBIN 

30 

XH 

- 

SEVEN 

31 

SO 

- 

HUHOP 

32 

'■V 

- 

ORDER 

33 

CJ 

- 

oohAN 

34 

TZ 

- 

NATIon 

35 

DL 

- 

ROBIN 

36 

' -V 

- 

ORDER 

37 

F!F 

- 

DOCTOR 

38  XH 

- 

seven 

39 

SO 

{!U“’0R 

40 

!<B 

- 

PERSON 

18  trials 
576” 
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ORDER  ABC  • RATE  z:4 

MA^’E  date 


1 

DS 

- 

H^riEY 

2 

FC 

- 

VISIT 

3 TO 

- 

HOVEL 

4 

H!! 

- 

OBJECT 

5 

PE 

- 

STUDY 

6 

;<z 

- 

SECOND 

7 

RO 

- 

FinURE 

8 

r'H 

- 

FAVOR 

9 

RE 

- 

’STUDY 

10  TO 

- 

HOVEL 

11 

RC 

VISIT 

12 

DS 

- 

HOflEY 

13 

KZ 

- 

SECOHD 

14 

VM 

- 

FAVOR 

15 

( 

- 

OBJECT 

16 

R.l 

- 

FIOURE 

17 

I'm 

- 

P\VOR 

18 

KZ 

- 

SECOND 

19 

T^ 

- 

NOVEL 

20 

L J 

- 

OBJECT 

21 

DS 

~ 

HOMEY 

22 

PD 

- 

STUDY 

23 

r r 
rv^ 

- 

VISIT 

24 

RJ 

- 

FIGURE 

25 

:']H 

- 

FAVOR 

26 

T^ 

- 

NOVEL 

27 

DS 

- 

HONEY 

28 

RJ 

- 

FIGURE 

29 

FC 

- 

VISIT 

30 

'V! 

- 

OBJECT 

31 

KZ 

- 

SECOND 

32 

PB 

- 

STUDY 

33 

DS 

- 

HONEY 

34 

I'lW 

- 

FAVOR 

35 

FC 

- 

VISIT 

36 

PB 

- 

STUDY 

37 

P3 

- 

FIOURE 

38 

Mil 

- 

OBJECT 

39 

KZ 

- 

SECOND 

40 

TO 

- 

NOVEL 

8 trials 
384’- 


B 2 

ORDER  ABC 
riA^iE 


RATE  2:4 
DATE 


1 

DS 

- 

HoriEY 

2 

FC 

- 

VISIT 

3 TO 

- 

HOVEL 

4 

”!!! 

- 

OBJECT 

5 

PE 

- 

STUDY 

6 

KZ 

- 

SECOnO 

7 

RO 

- 

FIOURE 

8 

riM 

- 

FAVOR 

9 

PB 

- 

"STUDY 

10  TO 

- 

HOVEL 

11 

FIC 

VISIT 

12 

DS 

- 

HOflEY 

13 

KZ 

- 

SECOND 

14 

lirl 

- 

FAVOR 

15 

*1’! 

- 

OBJECT 

16 

R.l 

- 

FIGURE 

17 

MH 

- 

fAVOR 

18 

KZ 

- 

SECOND 

19 

T^ 

- 

NOVEL 

20  'V:l 

- 

OBJECT 

21 

DS 

- 

HOMEY 

22 

PC 

- 

STUDY 

23 

r 

- 

VISIT 

24 

pj 

- 

FIGURE 

25 

:iH 

- 

FAVOR 

26 

T^ 

- 

HOVEL 

27 

DS 

- 

HONEY 

28 

PO 

- 

FIGURE 

29 

FC 

- 

VISIT 

30 

- 

OBJECT 

31 

KZ 

- 

SECOND 

32 

?B 

- 

STUDY 

33 

DS 

- 

HONEY 

34 

?U1 

- 

FAVOR 

35 

FC 

- 

USIT 

36 

PB 

- 

STUDY 

37 

PJ 

- 

FinuRE 

38 

- 

OBJECT 

39 

- 

SECOND 

40 

TO 

- 

NOVEL 

- of?:si 
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..liifmW"’..  ' ':'|' 


II  V|’ ^ 


>«ttn,^iiii^iiMn.  lawpjw 

^aiONWl^^  -ft; 


•jT-’u;^  \.  .'  -:sL-  -"  '-‘^.r.ll^XT^r 


, . ■*^  i^*''  OS’  to 


■■»1! 


*T 


3!^'  4 


if‘^jm^.^m  3«’| 

' -^a.®  r t#'w:4 
S&I07&  *>3DI«=^ 
’ javmr'-fflKpk-  ' 


I 1» 


il 


one  trial 


c 

ORDEH  ABC 


PATE  2:6 


100 


MA'^E 


DATE 


1 

XD 

- 

JE’U 

2 GS 

- 

UnCLE 

3 

LF 

- 

PAPER 

4 

MR 

- 

OCEAU 

5 

SP 

» 

6 

HC 

- 

SISTER 

7 

UK 

- 

FINISH 

8 

BJ 

- 

REPORT 

9 SP 

- 

HONOR 

10  LF 

- 

PAPER 

11 

GS 

- 

UNCLE 

12 

XD- 

• 1 

JEUEL 

13  HC 

- 

SISTER 

14  BJ 

REPORT 

15 

UR 

- 

OCEAN 

16 

"K 

- 

FINISH 

17 

BJ 

- 

REPORT 

18  HC 

- 

SISTER 

19 

LF 

PAPER 

20 

MP 

- 

OCEAN 

21 

XD 

- 

JE'.'EL 

22  SP 

- 

HONOR 

23 

GS 

- 

UNCLE 

24 

UK 

- 

FINISH 

25  BJ 

- 

REPORT 

26 

LF 

- 

PAPER 

27 

XD 

- 

JE’IEL 

28 

"K 

- 

FINISH 

29 

ns 

- 

IRJCLE 

30 

HR 

- 

OCEAN 

31 

HC 

- 

SISTER 

32 

SP 

- 

HONOR 

33 

XD- 

' \ 

lE’.iEL 

34 

RJ 

~ 

REPORT 

35 

GS 

- 

UNCLE 

36 

SP 

- 

HONOR 

37 

U'K 

- 

FINISH 

38 

HP 

- 

OCEAN 

39 

HC- 

i 

5ISTER 

40 

LF 

- 

PAPER 

6 trials 
384" 


9 trials 
576" 
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Sample  Summary  Sheet 


192"  384"  576" 

T rials 

# Corr 
% Corr 
Order 
T rials 

# Corr 
% Corr 
Order 
T rials 

# Corr 
% Corr 
Order 


Learning 

1 “ 
2 
3 


% Corr  at  57  6"  by  Order  % Corr  Final  Trial 

i 

II 

m 


# Corr  Poss  % Time  Cr  Trials  Cr 


% Corr  at  57  6"  by  Rate 

__ 

2:4 

2:6 


% Corr  at  57  6"  by  List 
A ” 

B 
C 


Errors 

zTz 


2:4 


C 
O 
T 
% C 
% O 


2:6 


% Corr  Recall 


(102) 


103 


Analysis  of  Variance  for  Full  Study  (N  = 45) 


Variable  192  Sec. 


Source  of  Variation 

df 

SS 

MS 

F 

Blocks  (confounded  treatments) 

8 

1934. 88 

241. 36 

. 50 

Order  X List 

2 

236. 62 

118. 31 

. 24 

Order  X Rate 

2 

664. 06 

332. 03 

. 68 

List  X Rate 

2 

424. 93 

212.46 

.44 

Order  X List  X Rate 

2 

609.27 

304. 64 

. 62 

Subjects  within  blocks 

36 

17568.00 

488.00 

3.  50 

Total  between  subjects 

44 

19502. 88 

443. 25 

3.  18  ■ 

Treatments  (unconfounded) 

18 

4959.49 

275. 53 

1. 97 

Order 

2 

196. 20 

98.  10 

. 70 

List 

2 

1663. 58 

831.79 

5. 96^^^ 

Order  X List 

2 

112. 68 

56.  34 

.40 

Rate 

2 

711. 58 

355. 79 

2.  55 

Order  X Rate 

2 

4.  20 

2.  10 

. 02 

List  X Rate 

2 

406. 10 

203. 05 

1.46 

Order  X List  X Rate 

6 

1865. 15 

310.86 

2.  23 

Treatments  X Subjects  in 

blocks  (error) 

72 

10045.31 

139. 52 

Total  within  subjects 

90 

15004. 80 

166. 72 

T otal 

134 

34507. 68 

'I' Significant  beyond  the  5%  level  of  probability. 
❖❖Significant  beyond  the  1%  level  of  probability. 
❖❖❖Significant  beyond  the  . 5%  level  of  probability. 
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Analysis  of  Variance  for  Full  Study  (continued) 


Variable  384  Sec. 


Source  of  Variation 

df 

SS 

MS 

F 

Slocks  (confounded  treatments) 

8 

4534. 19 

544. 27 

. 58 

Order  X List 

2 

1144. 73 

572. 36 

. 61 

Order  X Rate 

2 

1877.00 

938. 80 

1.01 

List  X Rate 

2 

458. 99 

229. 50 

. 25 

Order  X List  X Rate 

2 

872. 87 

436.44 

.47 

Subjects  within  blocks 

36 

33598. 80 

933. 30 

5.  37 

Total  between  subjects 

44 

37952. 99 

862. 57 

4.  97 

Treatments  (unconfounded) 

18 

9532. 26 

529. 57 

3.  05 

Order 

2 

863.81 

431. 90 

2.49- 

List 

2 

5981.  94 

2996. 97 

17 . 22^:'''!-:^ 

Order  X List 

2 

102. 09 

51. 04 

. 29 

Rate 

2 

934. 62 

467.31 

2.  69 

Order  X Rate 

2 

107.89 

53.  94 

. 31 

List  X Rate 

2 

130.40 

65.  20 

. 38 

Order  X List  X Rate 

6 

1411. 51 

235. 25 

1. 35 

Treatments  X Subjects  in 

blocks  (error) 

72 

12506. 94 

173.71 

Total  within  subjects 

90 

22039. 20 

244. 88 

Total 

134 

59992. 19 

447.70 

'•'Significant  beyond  the  5%  level  of  probabilityo 


'^'^'Significant  beyond  the  1%  level  of  probability. 
❖❖>:<Significant  beyond  the  . 5%  level  of  probability. 


' V 
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Analysis  of  Variance  for  Full  Study  (continued) 


Variable  576  Sec. 


Source  of  Variation 

df 

SS 

MS 

F 

Blocks  (confounded  treatments) 

8 

4818.00 

602. 25 

.44 

Order  X List 

2 

1280.33 

640.  16 

.47 

Order  X Rate 

2 

2338. 20 

1169. 10 

. 85 

List  X Rate 

2 

372.99 

186. 50 

. 14 

Order  X List  X Rate 

2 

826.47 

413. 24 

. 30 

Subjects  within  blocks 

36 

49557. 59 

1376. 60 

7.72 

Total  between  subjects 

44 

54375. 59 

1235.81 

6.  93 

Treatments  (unconfounded) 

18 

11183.42 

621. 30 

3.48 

Order 

2 

1604. 67 

802. 33 

4.49- 

List 

2 

7279. 26 

3639. 63 

20.4L:n^n^;n 

Order  X List 

2 

25.  37 

12.  68 

. 07 

Rate 

2 

805. 24 

402. 62 

2.  26 

Order  X Rate 

2 

87.  02 

43.  51 

. 24 

List  X Rate 

2 

64.  79 

32.  39 

. 18 

Order  X List  X Rate 

6 

1317.07 

219.51 

1.  23 

Treatments  X Subjects  in 

blocks  (error) 

72 

12758. 38 

178. 32 

Total  within  subjects 

90 

23941. 80 

266. 92 

Total 

134 

78317. 39 

585.06 

'Insignificant  beyond  the  5%  level  of  probability. 


'^^Significant  beyond  the  1%  level  of  probability. 
'/'I^^lnsignificant  beyond  the  . 5%  level  of  probability. 
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Analysis  of  Variance  for  Full  Study  (continued) 


Variable  Recall 


Source  of  Variation 

df 

SS 

MS 

F 

Blocks  (confounded  treatments) 

8 

11958. 28 

1494. 79 

. 55 

Order  X List 

2 

48.  61 

24.  31 

.01 

Order  X Rate 

2 

3298. 60 

1649.30 

. 60 

List  X Rate 

2 

3270.80 

1635.40 

. 59 

Order  X List  X Rate 

2 

5340. 27 

2670.  14 

.98 

Subjects  within  blocks 

36 

98144. 50 

2727.40 

10.  63 

Total  between  subjects 

44 

110144. 68 

2503. 29 

9.75 

Treatments  (unconfounded) 

18 

14438.60 

802. 14 

3,  13 

Order 

2 

8216. 00 

4108. 00 

16.  0r'in''in>m 

List 

2 

3174. 55 

1587. 28 

6.  I8^in'in>m 

Order  X List 

2 

187.45 

93.  73 

. 37 

Rate 

2 

881. 61 

440. 81 

1. 72 

Order  X Rate 

2 

272. 07 

136. 04 

. 53 

List  X Rate 

2 

549.97 

274. 99 

1. 07 

Order  X List  X Rate 

6 

1156. 95 

192. 83 

. 75 

Treatments  X Subjects  in 

blocks  (error) 

72 

18478.00 

256. 64 

Total  within  subjects 

90 

32916. 60 

365. 74 

Total 

134 

143061. 28 

1067. 62 

Significant  beyond  the  5%  level  of  probability. 


I' 'Insignificant  beyond  the  1%  level  of  probability. 

'In  Significant  beyond  the  . 5%  level  of  probability. 
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Analysis  of  Variance  for  Full  Study  (continued) 


Variable  Correct  Final  Trial 


Source  of  Variation 

df 

SS 

MS 

F 

Blocks  (confounded  treatments) 

8 

5606.45 

700.81 

. 25 

Order  X List 

2 

1446. 73 

723. 36 

. 26 

Order  X Rate 

2 

2988.40 

1494. 20 

. 54 

List  X Rate 

2 

1085. 67 

542. 84 

. 19 

Order  X List  X Rate 

2 

85.  65 

42.  82 

. 02 

Subjects  within  blocks 

36 

100144.80 

2781. 80 

6.  69 

Total  between  subjects 

44 

105751. 25 

2403.44 

5.  78 

Treatments  (unconfounded) 

18 

22376. 74 

1243.  15 

2.  99 

Order 

2 

6920. 13 

3460.07 

8.  33'in^>;. 

List 

2 

9837. 62 

4918.81 

1 1 . 84>:n>:n>in 

Order  X List 

2 

363.92 

181. 96 

.44 

Rate 

2 

1009. 18 

504. 59 

1.21 

Order  X Rate 

2 

169. 86 

84.  93 

. 20 

List  X Rate 

2 

1072. 43 

536. 22 

1.  29 

Order  X List  X Rate 

6 

3003. 60 

500. 60 

1. 20 

Treatments  X Subjects  in 

blocks  (error) 

72 

29915. 06 

415.49 

Total  within  subjects 

90 

52291. 80 

581. 02 

T otal 

134 

158043. 09 

1179.42 

'Insignificant  beyond  the  5%  level  of  probabilityo 


❖❖Significant  beyond  the  1%  level  of  probability. 
❖'In>:n Significant  beyond  the  . 5%  level  of  probability. 
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Analysis  of  Variance  for  Full  Study  (continued) 


Variable  Errors  of  Commission 


Source  of  Variation 

df 

SS 

MS 

F 

Blocks  (confounded  treatments) 

8 

1608. 38 

201. 50 

. 68 

Order  X List 

2 

3.  51 

1.76 

. 006 

Order  X Rate 

2 

449. 87 

224. 94 

. 76 

List  X Rate 

2 

607. 92 

303.96 

1. 03 

Order  X List  X Rate 

2 

547.08 

273. 54 

.92 

Subjects  within  blocks 

36 

10635.48 

295.43 

3.  89 

Total  between  subjects 

44 

12243.86 

278. 27 

3.  65 

Treatments  (unconfounded) 

18 

2126. 55 

118. 14 

1.55 

Order 

2 

633. 08 

316. 54 

4.  I6^:n 

List 

2 

737. 56 

368. 78 

4.  84^:n 

Order  X List 

2 

95.93 

47.96 

. 63 

Rate 

2 

131. 39 

65.  70 

. 86 

Order  X Rate 

2 

26.  57 

13.  28 

. 17 

List  X Rate 

2 

144. 56 

72.  28 

.95 

Order  X List  X Rate 

6 

357.46 

59.  58 

. 78 

Treatments  X Subjects  in 

blocks  (error) 

72 

5484. 39 

76.  17 

Total  within  subjects 

90 

7610. 94 

84.  57 

T otal 

134 

19854. 80 

148. 17 

'Insignificant  beyond  the  5%  level  of  probability. 
'^'Insignificant  beyond  the  1%  level  of  probability. 
i:n>;n^ Significant  beyond  the  . 5%  level  of  probability 
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Analysis  of  Variance  for  Four 

Replications  (N  = 36) 

Variable  192  Sec. 

Source  of  Variation 

df 

SS 

MS 

F 

Between  subjects 

35 

14178. 76 

405. 11 

2.  25 

Treatments 

Order 

2 

162.41 

81. 20 

.45 

List 

2 

1901. 08 

950. 54 

5. 27^ 

Rate 

2 

666 . 31 

333. 16 

1. 85 

Error  and  interaction 

66 

11903. 34 

180.35 

Total  within  subjects 

72 

14633. 14 

203. 24 

T otal 

107 

28811. 90 

269. 27 

! 

Variable  384  Sec. 

Source  of  Variation 

df 

SS 

MS 

F 

Between  subjects 

35 

23590. 79 

674. 28 

3.  51 

T reatments 

Order 

2 

1156. 71 

578. 36 

3.01 

List 

2 

5627.78 

3263. 89 

16.  9 9—^ 

Rate 

2 

1015. 63 

507.82 

2.  64 

Error  and  interaction 

66 

12679. 55 

192. 11 

Total  within  subjects 

72 

21379. 67 

296. 93 

Total 

107 

44979.46 

420. 37 

'I' Significant  beyond  the 
❖❖Significant  beyond  the 
❖❖❖Significant  beyond  the 

5%  level  of  probability. 
1%  level  of  probability. 

. 5%  level  of  probability. 
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Analysis  of  Variance  for  Four  Replications  1 

Variable  576  Sec. 

continued) 

no 

Source  of  Variation 

df 

SS 

MS 

F 

Between  subjects 

35 

32058.06 

915. 94 

5.  15 

T reatments 

Order 

2 

2054. 96 

1027.48 

5. 

List 

2 

7810.43 

3905, 22 

21 . 94':«:=» 

Rate 

2 

888. 64 

444. 32 

2.  50 

Error  and  interaction 

66 

11746.84 

177.98 

Total  within  subjects 

72 

22500.87 

312. 51 

Total 

107 

54558. 93 

509.90 

Variable 

Recall 

Source  of  Variation 

df 

SS 

MS 

F 

Between  subjects 

35 

57237. 54 

1635. 36 

6.  97 

T reatments 

Order 

2 

9212. 96 

4606.48 

19.  62>:^^:«:' 

List 

2 

4490.74 

2245. 37 

9.  56=:'>:=» 

Rate 

2 

384.84 

192.42 

. 82 

Error  and  interaction 

66 

15493.48 

234. 75 

Total  within  subjects 

72 

29582. 02 

410.86 

Totai 

107 

86819. 56 

811.40 

Significant  beyond  the 

5%  level 

of  probability. 

'■'^'Significant  beyond  the 

1%  level 

of  probability. 

^:>*^Significant  beyond  the 

. 5%  level  of  probability. 

^4; 


Analysis  of  Variance  for  Four 
Variable  Correct 

Replications  ( 
Final  Trial 

continued) 

111 

Source  of  Variation 

df 

SS 

MS 

F 

Between  subjects 

35 

60975. 91 

1742. 17 

4.  13 

Treatments 

Order 

2 

7604. 17 

3802. 08 

9. 02^^'ln 

List 

2 

9557. 29 

4778. 64 

1 1 . 33^^:n- 

Rate 

2 

1050, 35 

525. 18 

1. 25 

Error  and  interaction 

66 

27827.84 

421. 63 

Total  within  subjects 

72 

46039. 65 

639.44 

Total 

107 

107015. 56 

1000. 14 

Variable 

Errors  of  Commission 

Source  of  Variation 

df 

SS 

MS 

F 

Between  subjects 

35 

10245. 19 

292. 72 

3.  34 

T reatments 

Order 

2 

561.38 

280.69 

3.  20 

List 

2 

868.45 

432. 22 

4.  93^ 

Rate 

2 

102,41 

51. 20 

. 58 

Error  and  interaction 

66 

5786. 18 

87.  67 

Total  within  subjects 

72 

7318.42 

101. 64 

Total 

107 

17563. 61 

164. 14 

'Insignificant  beyond  the 

5%  le 

vel  of  probability. 

❖❖Significant  beyond  the 

1%  level  o 

f probability. 

❖❖❖Significant  beyond  the 

, 5%  1 

evel  of  probability. 
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Analysis  of  Variance  for  Three  Replications  (N  = 27) 

Variable  192  Sec. 

112 

Source  of  Variation 

df 

SS 

MS 

F 

Between  subjects 

26 

844L02 

324. 65 

1.45 

T reatments 

Order 

2 

102o 16 

51.08 

. 23 

List 

2 

1760.46 

880. 23 

3.95'!' 

Rate 

2 

432. 57 

216. 28 

.97 

Error  and  interaction 

48 

10705. 75 

223.04 

Total  within  subjects 

54 

13000. 93 

240.76 

Total 

80 

21441. 95 

268. 02 

Variable  384  Sec. 

Source  of  Variation 

df 

SS 

MS 

F 

Between  subjects 

26 

11418.94 

439.  19 

1.95 

T reatments 

Order 

2 

886.83 

443.41 

1, 97 

List 

2 

5453, 02 

2726. 51 

12. 09--- 

Rate 

2 

593.47 

296. 74 

1. 32 

Error  and  interaction 

48 

10827.45 

225. 57 

Total  within  subjects 

54 

17760. 77 

T otax 

80 

29179. 71 

'^Significant  beyond  the  5%  level  of  probability. 

^'-I'Significant  beyond  th 

e 1%  level  of  probability. 

❖❖❖Significant  beyond  th 

e . 5%  level 

of  probability. 
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Analysis  of  Variance  for  Three  Replications  (continued) 

Variable  576  Sec. 


Source  of  Variation 

df 

SS 

MS 

F 

Between  subjects 

26 

14137. 09 

543. 73 

2,  89 

T reatments 

Order 

2 

1246. 11 

623. 06 

3.  32 

List 

2 

5906. 73 

2953. 36 

15. 72^^^ 

Rate 

2 

348.40 

174. 20 

.93 

Error  and  interaction 

48 

9016. 59 

187.85 

Total  within  subjects 

54 

16517.84 

305.89 

Total 

80 

30654. 93 

383. 19 

Variable  Recall 

Source  of  Variation 

df 

SS 

MS 

F 

Between  subjects 

26 

19201. 36 

738.51 

3.  57 

T reatments 

Order 

2 

7812. 50 

3906. 25 

18. 86^>:”:n 

List 

2 

1990. 74 

995. 37 

4.  8R:n 

Rate 

2 

150.46 

75.  23 

. 36 

Error  and  interaction 

48 

9941. 87 

207.  12 

Total  within  subjects 

54 

19895. 57 

368.44 

Total 

80 

39096. 93 

488. 71 

'insignificant  beyond  the  5%  level  of  probability. 
❖❖Significant  beyond  the  1%  level  of  probability. 
❖❖❖Significant  beyond  the  . 5%  level  of  probability 


i'.}'‘ri^i^  V-^I.  I ^.i  IfM-tx-i  'Y-jtJ  ' ,'W 


’ •■'■■  -.  an»- 


r»j?i  ■ 


■-•  -e-(SW 


114 

Analysis  of  Variance 

for  Three 

Replications  ( 

continued) 

Variable  Correct 

Final  Trial 

Source  of  Variation 

df 

SS 

MS 

F 

Between  subjects 

26 

23680. 50 

275. 53 

3.  24 

T reatments 

Order 

2 

4664. 35 

2332, 18 

6.  04':'':< 

List 

2 

4826. 39 

2413, 19 

6.  25>:-:' 

Rate 

2 

312. 50 

156, 25 

.40 

Error  and  interaction 

48 

18529. 88 

386, 04 

Total  within  subjects 

54 

28333. 12 

524. 69 

T otal 

80 

52013. 62 

650, 17 

Variable 

Errors  of  Commission 

1 

Source  of  Variation 

df 

SS 

MS 

F 

Between  subjects 

26 

7163. 84 

275. 53 

3.  24 

T reatments 

Order 

2 

456. 91 

228.46 

2.  69 

List 

2 

546. 74 

273, 37 

3.  22 

Rate 

2 

95.43 

47.72 

. 56 

Error  and  interaction 

48 

4078.99 

84.  98 

Total  within  subjects 

54 

5178.08 

95.  89 

T otal 

80 

12341. 92 

154. 27 

'^'Significant  beyond  the 

5%  level  of  probabilityo 

'•“I'Significant  beyond  the 

1%  level  of  probability. 

❖>;-:'Significant  beyond  the 

, 5%  level  of  probability. 
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Analysis  of  Variance--Seconds  to  Criterion  by  Rate 
(T  = 28;  N = 12,  11,  5) 


Source  of  Variation 

df 

SS 

MS  F 

Between  subjects 

2 

62442.44 

31221.22  3.54-'ln 

Within  subjects 

25 

219916.42 

8796. 65 

Total 

27 

282358.86 

Analysis  of  Variance- 

-Seconds  to  Criterion  by  Rate 

, Minus  One  Trial 

(T  = 28;  N = 

12,  11.  5) 

Source  of  Variation 

df 

SS 

MS  F 

Between  subjects 

2 

35242.44 

17621.22  2.00 

Within  subjects 

25 

219916.42 

8796. 65 

T otal 

27 

255158. 86 

'Insignificant  beyond  the  5%  level  of  probability. 

❖❖Significant  beyond  the  1%  level  of  probability. 

❖•;w^:Significant  beyond  the  , 5%  level  of  probability. 
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Analysis  of  Variance --Trials  to  Criterion  by  Rate 
(T  = 28;  N = 12,  11,  5) 


Source  of  Variation 

df 

SS 

MS 

F 

Between  subjects 

2 

86.97 

43.48 

7 . 0 !❖❖❖ 

Within  subjects 

25 

155. 03 

6.  20 

T otal 

27 

242. 00 

Analysis  of  Variance- 

-Correct  Responses  after  Nine  Trials, 
(Old  Subjects --N  = 45) 

by  Rate 

Source  of  Variation 

df 

SS  MS 

F 

Between  subjects 

2 

1125.75  562.87 

2.  95 

Within  subjects 

132 

25181.25  190.76 

Total 

134 

26307.00 

^'Significant  beyond  the  5%  level  of  probability. 
^''Insignificant  beyond  the  1%  level  of  probability. 
❖❖❖Significant  beyond  the  . 5%  level  of  probability. 
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Analysis  of  Variance-“Correct  Responses  after  Nine  Trials,  by  Rate 

(Young  Subjects --N  = 10) 


Source  of  Variation 

df 

SS 

MS 

F 

Between  subjects 

2 

70.87 

35.43 

. 34 

Within  subjects 

27 

2743. 80 

101. 62 

Total 

29 

2814. 67 

(118) 
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